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Chap ter I 
INTRODUCTION 
The background of the present work on thermal 
rearrangement of alkoxy- to N-alkyl-oxopyrimidines falls 
naturally into three divisions. The first is concerned 
with such rearrangements which have been brought about 
in heterocycles by strictly thermal means. The second 
covers the Claisen-type rearrangement of 
alkenyloxypyridines and alkenyloxypyrimidine s to C- and 
to N-alkenyl-oxo derivatives. And the third reviews the 
so-called Hilbert-Johnson 'rearrangement' of 
alkoxypyrimidines involving attack by alkyl or glycosyl 
halides to give the corresponding N-alkyl(or glycosyl) -
oxopyrimidines. 
1) The Thermal Rearrangement of Simple 
Alkoxyheterocycles 
Investigations of thermal rearrangements involving 
the change of -O-R to ~N-R are so numerous that a 
c omplete survey of the literature is quite beyond the 
scope of this dissertation. The examples given below 
1 
2 
are simply illustrative and are not intended to cover 
the whole history of such rearrangement in simple 
alkoxy-N-heterocycles. 
The thermal rearrangement of simple alkoxy- to the 
corresponding N-alkyl-oxo-heterocycles was first 
observed in the pyridine series. As early as 1885, 
Haitinger and Lieben (1885) found that when 4-methoxy-
pyridine (I) was heated at 200 0 for some time, 
rearrangement occurred to give the 
1,~dihYdrO-l-methYl-jioxopyridine 
isomeric 
(II). This 
rearrangement seemed to be considerably accelerated by 
an electron-withdrawing substituent on the pyridine 
ring: thus 4-methoxy-5-nitropyridine rearranged 
completely into 1,4-dihydro-l-methyl-5-nitro-4-oxo-
pyridine on heating at 1700 for a few minutes (O'Bremer, 
1937). 2-Methoxypyridine and its derivatives rearranged 
somewhat more slowly than the corresponding 4-methoxy-
pyridines on mere heating (Wiberg, Shryne, and Kintner, 
1957); even with a highly electron-withdrawing 
substituent, ~.g. a nitro group, the 2-methoxypyridine 
did not rearrange under as mild conditions as its 
4-methoxyl isomer (O'Bremer, 1937). In contrast, when 
such compounds were heated in the presence of a 
'catalyst' or a methyl halide, the relative reactivitie s 
~------------------------___________________________ J 
J 
were usually reversed. Thus the rearrangement of 2-
methoxypyridine (II ) was shown to be thermodynamically 
more avourable than that of 4-methoxypyridine when 
carried out in the presence of methyl fluoride and boron 
trifluoride; the criterion used was a lower standard 
free energy (Beak and Bonham, 1966). Similarly, when 
J-cyano- or 5-cyano-2,4-dimethoxypyridine was heated at 
o IJO for 5 hr. with methyl iodide, the only product was 
the 4-methoxy-2-oxopyridine (Taylor, Aldo, and Harvey, 
1955). Rearrangement of 2,4-dimethoxypyrimidine (IV) 
into 1,2,J,4-tetrahydro-l,J-dimethyl-2,4-dioxopyrirnidine 
(V) occurred on heating at 200 0 (Johnson and Hilbert, 
1929). However in the isomeric 1,2-diaza system, J,6-
dimethoxypyridaz·ne (VI) requ·red more vigorous 
conditions than its pyrimidine isomer; indeed, even 
heating the dirnethoxypyridazine with methyl iodide or 
dimethyl sulphate at 1000 gave only 1,6-dihydro-J-
methoxy-l-methyl-6-oxopyridazine (Eichenberger, 
S aehelin,and Druey, 1954). This difficulty in 
earrangement of the pyridazine was probably due to the 
alpha or·entat·on of each methoxy group to only one 
·ng n·trogen atom, thus making the compound more akin 
o 2-rn ho ypyr·d·ne than to 2,4-dimethoxypyrimidine, 
n wh·ch each methoxy group was alpha to one and gamma 
o he other r·ng n·trogen. 
4 
These rearrangements have been obser ed also in 
condensed heterocyclic systems: 2-methoxyquinoline and 
its 4-methyl derivative underwent ready thermal 
rearrangement on heating (Knorr, 1886; Meyer and Beer, 
1913). 2,4-Dialkoxyquinazoline underwent hermal 
rearrangement on distillation (202 0 ) in a vacuum to 
give the fully rearranged 1,3-dialkyl-l,2,3,4-tetrahydro -
2,4-dioxoquinazqline (Grout and Partridge, 1960 ; 
Armarego, 1967b). Again, an electron-withdrawing 
substituent had an accelerating effect on rearrangement : 
4-ethoxy-2-ethyl-5-nitroquinazoline (VII) rearranged 
into its 3-ethyl-4-oxo isomer simply on recrystallization 
from ethanol (Bogert and Seil, 1907). The rearrangement 
has also been recorded in many other condensed N-
heteroaromatic systems, e.g., by Armarego (1967a); Huston 
and Allen (1934); or Goldner, Dietz, and Carstens 
(1966). 
The above examples suggest that the more IT-electron-
deficient* a system is, the easier its alkoxy 
derivatives will rearrange. Although it is impossible 
* A IT-deficient N-heteroaromatic system is defined by 
Albert (1959a) a; being a completely unsaturated 
heterocycle with nitrogen as the sole heteroatom and a 
deficit of IT-electrons elsewhere, e.g., pyridine. 
• 
OCH 3 
0 N 
( I ) 
( IV ) 
(VIII) 
0 
II ( ) lQ OCH 3 
I 
CH 3 
( I I ) ( I I I ) 
N 
/CH 3 
I N~O 
I OCH 3 CH 3 
( V) (V I ) 
N0 2 OCH 2CH 3 
(V I I) 
/C=O 
(CH 2 )S I ~N-CH3 
(IX) 
4a 
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to make a quantitative comparison of TI- electron den s i ty 
in a saturated heterocyclic system with tha in a 
heteroaromatic system, the difficult rearrangement of 0 -
~ 
methylcaprolactim (VIII) into N-methylcaprolac~m (IX) 
(requiring boiling dimethyl sulphate; Benson and Cairns , 
1948) may well stem from the TI-excessi e* nature of the 
system. Likewise, rearrangement of the e tremely TI-
deficient hexa alkoxycyclotriphosphazatriene (X) into 
tri-N-alkyloxophosphazene (XI) (Fitzsimmons, Hewlett, 
and Shaw, 1964) took place under even milder conditions 
than those required for the above heterocyclic systems. 
Little has been reported on the mechanism of these 
rearrangements; moreover it seems contradictory. Thus 
it was proposed (Wiberg, Shryne, and Kintner, 1957) that 
2-methoxypyridine rearranged by an intermolecular 
radical mechanism, but a very similar rearrangement of 
2-methoxypyrimidine has been shown to be unaffected by 
perox'des or quinones (Brown and Foster, 1965 ). Again 
he rearrangement of the imino ether (XII) into N-
phenylbenzanilide (XIII) has been repo r ted a s a n 
int amolecular and ionic reaction (Chapman , 1925; 
* A TI-excessive N-heteroaromat'c system is defined b y 
Alber (1959b) a~ being a completely unsaturated 
h rocycle with nitrogen as the sole heteroatom and an 
e c ss of TI-electrons elsewhere, e.g., pyrrole. 
Sa 
(X ) ( X I ) 
(X I I ) 
(XIII) 
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W'berg and Rowland , 1955). It seems p obable that the e 
rearrangements are very complicated; hat all 
rearrangements do not proceed by the same single 
mechanism; and that rearrangement may even p roceed via 
two or more mechanisms simultaneously. 
2) The Claisen Rearrangement of Alkenyloxyp yridine 
and Alkenyloxypyrimidine 
Claisen (1912) originally observed the rearrangement 
of ethyl O-alkylacetoacetate into the corr esponding C-
alkyl derivative. The term 'Claisen rearrangement' is 
now generally thought of as the thermal rearrangement of 
alkyl aryl ethers into the isomeric allylic phenol s. 
This aspect has been extensively studied and adequately 
reviewed (Tarbell, 1944; Rhoads, 1963). 
In contrast, the Claisen rearrangement of the allyl 
ethers of N-heterocycles, ~.g. allyl pyridyl and 
pyr'midinyl ethers, has not been studied systematically 
un il recently (Thyagarajan, 1967a). The fi rs t Claisen 
rearrangement in the pyridine series was r epor ed by 
Saltzer, Timmler, and Andersag (1948) , who showed that 
4 -a lylo y- or 4-crotylo -2, 6-dime h ylp ridine 
rearranged into 3-allyl- or 3-crotYl- 4 - h droxy-2 ,6 -
dime hylpyridine on heating in a-methylnaphthalene . 
2-Allyloxypyridine-N-o ide (XIV) also underwent similar 
I 
7 
rearrangement to l - allylo y - l ,2- i h ydro -2-o. opyr idine 
(xv) (D"nan and Tie c kelmann , 1964a ) . In cont as t to 
these examples , heating 4 - allylo p ridine Mof e t, 
1963) or 4-allylo y pyridine-N - o ide (Thyagara"an~ 1967b) 
gave , not the expected rearrangement p r odu ts , b ut some 
unidentified polymers. Thi s phenomenon h as been 
explained as arising r om the 'no me c h a n ism' (Rho ads , 
1963) character of the r earrangement . 
Although formall y analogous, the Claisen 
r earrangement in an allyloxy- N-hete r ocycli c sys tem 
differs considerably from that in a homo ycli system. 
For example, it has been shown that , in allyl aryl 
ethers, a high proportion of the migrating alII g r oups 
were attached eventually to the most electron- rich 
position available (Holton, 196 2 ) , but in an N-
heterocyclic system , this was not so : the rearrangement 
o 2-substituted-4 - allyloxypy rimidine (XVI) gav e a 
l -a ll y l - l , 6-dihydro - 6 - oxop rimidine (XVII ; 1 part) and a 
5 - allyl- 4 - hydro p rimidine (XVIII ; 2 parts) (Minnemeyer, 
gge , Holland , and Tie c kelmann, 1961 ~ Minnemeye 
Clarke, and Tie ckelmann, 1966) despi e the ma r kedl 
di ferent electron- densities at po sitions 3 and 5. 
Similar y, the rearrangement of 2 - al l ylo p idine ga 
equa parts 0 l -allyl - l, 2-dihydro-2- oxopridine and 
3-a l l yl-2-hydro ypyridine (Dinan and Tie kelmann , 1964b). 
7a 
(XIV) (X V ) 
O-CH -CH=CH 2 2 o 
N-CH 2-CH::CH 2 N~R 
(XVI) (XVII) 
OH 
(XVIII) 
8 
he yields and rates 0 the rearrangement have been 
discussed in terms of electron-density distribution and 
differences in the energy barrier in different 
heterocycles (Minnemeyer, Clar ke, and Tieckelmann, 
1966; Elwood and Gates, 1967), but no general rule 
applicable to all such rearrangements ha s been 
formulated. However, it seemed to be beyond doubt that 
the IT-e lectron-density of the heterocyclic system had a 
very strong effect on the ratio of the rearranged 
products: the less IT-deficient was the system, the 
higher was the proportion of migration to carbon, and 
vice versa. For example , rearrangement of the 4-
allyloxy-2-substituted-quinolines (Mander-Jones and 
Trikojus, 1932), 2-alloxypyridine (Dinan and Tieckelmann, 
1964), 2-substituted-4-allyloxypyrimidine (Minnemeyer, 
Clarke, and Tieckelmann, 1966) g ave 100 , 52, 30%and e% 
of the product which involved migration to carbon , and 
0, 48, 70 %ljIfjd lO~ of that involving migration to 
nitrogen, respe ct ively. 
The mechan' sm of the Claisen rearrangement of allyl 
aryl ethers has been revealed by several different 
methods (Claisen, 1912, S chmid and Schmid, 1952; 
Ale ande r and Kluiber, 1951) as intramolecular, and the 
ran it'on state ha s been postulated as a chair-type 
9 
r"ng system (Fukui and Fujimoto , 1966). In 
heterocycl"c sys ems also, an intramol cular mecha ni s m 
has been shown to operate. Thi ha s been done by a 
' cross over' experiment using 2-benzylthio-4 -
crotyloxypyrimidine (XIX) and 4 -all y loxy-2 -
me hylthiopyrimidine (XX) (Dinan , Minnemeyer , and 
T"eckelmann , 1963) , and by cyclic inv e rsion experiments 
using the rearrangement of the same r ot y loxypyrimidine 
and crotyloxypyr"dine (Dinan, Minnemyer, and Tie c kelmann , 
1963; Dinan and Tieckelmann , 1964). 
(XIX) + (xx) - (XXI) + (XXII) + N- isomers 
~(XXIII) + (XXIV) + N-isomers 
The cross over experiment failed to give the 
products (XXIII) and (XXIV) to be expe cted from an 
"ntermolecular mechanism. The inversion experiments 
yielded some of the a -methylallyl isomers, (XXI) and 
(XXV), thus confirming the intramolecular nature of the 
r arrangements . How ver the mechanism details still 
awai inve tigation . 
3) Th Hilbert-Johnson 'Rearrangement' of Alkoxy- and 
Glycosyloxy-pyrimidines and Rela ted Rearrangements 
The Hilber -John on ' rearrangement ' has been well 
reviewed by Pliml and Prysta~ (1967a). Hence this 
O-CH 2-CH=CI:JCf:l 3 
~~SCH2C6H5 
(X I X ) 
OH 
(XXI) 
OH 
JiSCH 2C6H5 
(XXIII) 
I 
(X XV ) 
9a 
O-C H2-CH=CH 2 
Ndi.SCH3 
• 
r 
(XX) 
OH 
OH 
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e ct 'on ha s been con ined mainly to the mechanistic 
ea ures of the reaction. 
n extending thei r investigations of the thermal 
rearrangement of 2,4-dialkoxypyrimidine ~ Hilbert and 
Johnson (1930) found a new and easier p rocedure fo 
preparing the N-alkyloxop rimidines by allowing an alkyl 
hal ' de to react with the alkoxypyrimidine . As described 
in the first section, the pure ly ther mal rearrangement 
of 2, 4 -d' methoxypyrimidine (IV) proceeded onl o at 2 00 , 
but in the presence of an alkyl halide the rea tion 
cou d not only be carried out at a much lower 
temperature (25 0 ) but a part ially rearranged p roduct 
(XXVI) could be obtained also. 
Although detail s of the mechanism for this 
rearrangement are still obscure, there is no doubt that 
1 proceeds via a quaternary sal , ~ . g (XXVIIa) o f t h e 
alko ypyrimidine ; this decomposes to gi e the N-
alkyla ed-o opy imidine. Ty pical e -idence or t h is was 
th rearrangement of a fflixture of 2, 4-dietho ypyrimidine 
(XXVI ) by methyl iodide o give the 
- m hylo opyrimidine (XXVIII) (Hilber and Johnson , 
193 0 ); or the ' solation of the quaternar intermediates 
10 a 
OCH 3 OCH 2CH 3 I 
~N Oi N~O ~~OCH2CH3 
~H3 
(XXVI) (XXVII) !' 
(XXVIIa) (XXVIII) 
OR OR 
ON ~N I 
--"""'::N d.lu R N~ 
I glycosyl 
(XXIX) (XXX) 
in anal gous r earrangemen 
Tei ei , 1965; Ueda and , shi n o 9 19 6 8 ). 
(xxv I) CHJI - (XXVI a) - (XX III) + 
This discove y made po si Ie the 
H CH21 J . 
ynth 1 
nand 
pyr'm'dine nucleosides b a new and valuable rou te 
11 
(XX X) to ( XXX) . Thus DavolI , L thgoe 9 and To d d (1946) 
were able 0 syn he ize the 1 st natu ally oc .r ring 
cytosine nucleoside by the sequence : 
(XXV ) + (XXXI) - (XXXII) 
NH) / C2 HSOH> 
800 /46 hr . 
XXXIII) . 
Although the reaction mechanism is es en i a l l the 
same as that involved in the ormation 0 simple 
N-alkylo opyrimidines , the ormation 0 n uc leo s ide can 
be complicated by anomerization 0 he sugar mo i e y 
du ing earrangement. Fo r e ample , he Hi l r t ~Johnson 
rearrangemen of 2, 4 - d'etho - 5 - me y lp)rimidi ne wi h 
acet la ed D-ribo uranosyl b r omide in b n z en gave o th 
a- and ~- l -D -ribo u r ano lthymin in l ~ l ra io ( F ::lrka " . 
Kap an , nd Fo , 1964) . e r lit 1 i kno wn 0 the 
r 0 uch anome ization , t 1 h as e n r eport d 
h he propor ion 0 anome r i n h r::l r n g men 
pro u is a e ed he sol "en a nd by the t a l -s 
( v .." r s as and Sorm, 1964 , 19 6 5 ) . 
lla 
OAc 
(XXVII) (XXXI) 
OAc 
(XXXII) 
(XXXIII) 
A me hanism has b e n p r opo s ed to ac ount or ~ll 
these phenomena. Systemati inv e s ti g at i ons of th 
subst' uent, solvent, 'catalys " and t he a tio of 
anomer , have suggested that the gl cos y l cation might 
be ormed dur'ng the rearrangement (Pliml a nd Pr staY, 
According 0 this hypothesis , the high 
propor ion of a-anome r in he reaction p r odu ct r om 
2,4-d'methoxypyrimidine with a protected 2-deoxy-D-
ribo uranosyl chloride (XXXIV) was explained by the 
formation of a cy lic ation (XXXV) 
(XXXIV) - (XXXV) + Cl-. 
The omb'nation of the a ion and nucleophile ould 
yield only the a -anomer . On the other hand , the 
1 2 
reac ion of 2, 4 -dialko ypyrimidine with p r otected 
2,J,5-tri-O-sub stituted-D-ribofuranos 1 chlo r ide (XXXVI) 
(and ana ogues) in a polar solven to gi v e a p ro d u t , in 
whi h he S-anomer p r edomina ted , was seen as p r o c eeding 
via an orthoester cation (XXXVII) , f r om which onl 
S-anomer could result . 
(XXXV ) - (XXXVII) + Cl 
ra her similar rea tion ( he so -called 'me r u ri 
p oc du e'; Pfleidere , Lohrmann, Reisser, a nd 5011 . 
64; bricht, 1962a) has been used in p r epar' ng 
13 
h tero ycl· glycosides. The mechani m ha ascinated 
many research workers. The procedure 1 to hea the 
mercuric salt of an hydroxy-heterocycle wi h a gl cosyl 
halide . This yields an N-glycoside. The rea t · on h as 
been shown to involve two stages: the fo r mation of an 
O-glycoside, and its rearrangement into an N gl oside 
(Wagner and Pischel, 1962). The rearrangement is 
believed to be intermolecular, but the mechanism has 
been variously described . Wagner and Pischel (196 2 ) 
suggested that an ionic mechanism might operate . 
HgBr2 (XXXVIII) ~ (XXXIX) -+ (XL) 
This would involve ionization of the O-glycoside and 
subsequent attack of the cation on the nucleophilic 
nitrogen atom to form the N-glycoside. On the other 
hand, Ulbricht (1962b) suggested rearrangemen of an 
alkoxy heterocycle or an O-glycoside (with no 
anomerization) by a mechanism invol ing a cyclic 
transi on state (XLI) 
(xxxv ) + HgBr2 ( XL I) -+ (XL I I ) (XL) + HgB 2 
By h·s mechan·sm he was able to explain to his own 
sa ac ion the catalytic dealk lation and 
rearrang ment of 5-bromo-2,4-dialko yp rimidine in the 
presence 0 sodium iodide as a catal st ( 1 ri ht, 1961) , 
and veral rela ed O-glycosid rearrangemen (Ulbricht 
~Cl 
RCOO 
(XXXIV) 
~l 
RCOO a CO R 
(XXXVI) 
RoA"N/ 
(XXXVIII) 
(XLI) 
/O--C~-R 
H 2C /0 
RCOO 
(XXXV) 
/ 
/ 
- - -0 
/ 
ROO O--C+ 
\R 
(XXXVII) 
O~N/ 1-
~ 
R+ 
(XXXIX) 
oAN/' 
I 
R 
(XL) 
(XLII) 
13a 
14 
and Rogers, 1965). However, in the event 0 
anomer"zation, the reac ion was seen as involving 
several different mechanisms. Thus it has b en r eported 
that the rearrangement of 2-0-g1ycosyloxy-S - nitropyridine 
could involve two different mechani sms (Tha cker and 
Ulbricht, 1968): one proceeded di r ectly in a similar way 
to that for the Hilbert - Johnson rearrangement via an 
ionic glycosyl intermediate; the other involved 
anomerization by ring-opening and closing of the 
glycosyl moiety of the O-glycosylpyridine and subsequent 
rearrangement . 
Chapter II 
RESULTS AND DISCUSSION 
1) Aims of the Present Work 
As described in Chapter I, the rearrangement of 
alkoxypyrimidines into the isomeric N-alkylated 
oxopyrimidines has proved to be an important synthetic 
15 
method. The change may be brought about in two distinct 
ways, often confused with one another. The mechanism of 
the Hilbert-Johnson 'Rearrangement', involving an alkyl 
halide has been fairly well established, but that of the 
related 'thermal' rearrangement has been little 
investigated until now. 
The present work was aimed at elucidating the 
nature of the thermal rearrangement by building on the 
preliminary results (Brown and Foster, 1965; 1966a) 
already published. Thus it was known that the 
rearrangement was accelerated mildly by organic bases 
and that the rate fell off steeply with increase in size 
of the alkyl group. To these facts has now been added a 
study of the effect of various substituents on the rate 
of thermal rearrangement; an experimental verification, 
y the 'cross-over' technique, that the reaction is 
16 
·ntermolecular; and, based on the above results~ a 
possible mechanism for he rearrangement. Howeve r it 
must be emphas·sed that the present work has been 
largely concerned with gathering relevant experimental 
facts, and that a totally satisfactory mechanism must 
awa·t further studies. In connection with the study of 
su st· ution effects on thermal rearrangement, the 
synthesis and proper ies of an important reference 
compound, viz. the hi t he rto-unknown 5-nitropyrimidine, 
were investigated. 
2 ) The Effect of Substitution on the Thermal 
Rearrangement of 2- and 4-Alkoxypyrimidines 
No previous study of the effect of substitution on 
the thermal rearrangement of alkoxypyrimidine s into the 
isomeric N-alkylated oxopyrimidines has ever been 
undertaken. The present investigation includes a study 
o the effect of each substituent on the rate of 
rearrangement and, where applicable, on the orientation 
of the resulting products . 
(a) The effect of a C- methyl group. A methyl group 
has the property of 'pushing ' its electron-cloud into 
the attached pyr·mid·ne ring by virtue of hyper-
conjuga ·on with the IT- system, so that the pyrimidine 
be omes less IT-deficient than it was without the methyl 
17 
subs i uent. Since it wa s also 'non-functional ' during 
this reaction, the methyl group proved con enient in 
study"ng the effect of electron-donation on he 
rearrangement. 
Each alkoxymethylpyrimidine was prepared y 
treating the corresponding chloro de r i vative wi h 
sodium alkoxide: thus 2-methoxy-5 - methylpyrimidine 
(XLIII; R = OMe, R' = Me) and its ethoxy homologue 
(XL II; R = OEt, R' = Me) were synthesized from 
2-chloro-5-methylpyrimidine (XLIII; R = Cl , R' = Me ) , 
prepared either by partial dechlorination (cf. Gerngross , 
1905) of 2,4,6-trichloro-5-methylpyrimidine o r (better) 
by primary synthesis of 2-hydroxy-5-methylpyrimidine 
(XLIII; R = OH, R' = Me) followed by treatment with 
phosphoryl chloride. Similarly, 4-chloro-5 - me t h 1 -
py imidine (Vanderhaeghe and Claesen , 1957) gave 
4-methoxy-5-methylpyrimidine (XLIV; R = R' = Me ). The 
ollowing alkoxypyrimidines were made by t he "ndicat ed 
me hods : 2-methoxy-4-methYl- (Marshall and Walker , 
195 1) , 2- ethoxy-4-methyl - (Matsukawa and S irakawa , 1951) , 
4 -metho y-2-methyl- (Pfleiderer and Mos haf , 1957) , and 
4-me ho y-6-methyl-pyrimidine (Marshall and Walk r~ 
1951) . 
The potential produc ts from rearrangement of the 
above alkoxypyrimidine were made independen tly . Thus 
1 
methy at"on of 2-hydroxy-4-methylpyrimidine ga e 
,2-dihydro-l,4-dimethyl-2-oxopyrimidine (XLVI, R = Me) 
(Brown and Foster, 1966b), confirmed in structure by 
diflering from its isomer (XLVII; R = Me, R' = H). The 
latter was prepared unambiguously by desulphurizing 
1,2-dihydro-l,6-dimethyl-4-methyltio-2-oxopyrimidine 
(XLV I; R = Me, R' = SMe) of proven (Wheeler and 
McFarland, 1909) orientation, and also more conveniently 
(Brown and Paddon-Row, 1967) by condensing 1,1-
dimethoxybutan-J-one with N-methylurea. The ethyl 
homologues (XLVI, R = Et) and (XLVII; R = Et, R' = H) 
were made similarly. 1,2-Dihydro-l,5-dimethyl-2-
oxopyrimidine (XLV, R = R' = Me) and its I-ethyl 
homologue (XLV; R = Et, R' = Me) were formed without 
ambiguity by condensing 1,1,J,J-tetraethoxypropane 
(Protopopova, Klimko, and Skoldinov, 1959) with ~-met"'~I\.\re~ o..",d 
N-ethylurea respectively. Methylation of 4-hydroxy-
5-methylpyrimidine (XLIV; R = H, R' = Me) (Vanderhaeghe 
and Claesen, 1957) gave a separable mixture of the 
_-me hyl derivatives. One of these, 1,6-dihydro-l,5-
dimethyl-6-oxopyrimidine (XLVIII; R = R' = Me) was made 
unamb"guously by desulphurizing its 2-ethylthio-
r"vat" e (Johnson and Clapp, 1908; Wittenberg, 1966) 
o known tru ture, thus also confirming the 
orien a ion of he isomer (XL X: R = Me, R' = H). Other 
19 
o opyr"midines prepared by known routes included: 
1,6-d"hydro-l,2-dimethyl-6-oxo- (Pfleiderer and Mosthaf, 
1957; Curd and Richardson, 1955), and 1,6-dihydro-l,4-
d"methyl-6-oxopyrimidine. The last compound (L), 
de cribed by Marshall and Walker (1951) only as a 
IpreEerred structure', is now confirmed in orientation 
by the fact that the p.m.r. peak representing the 
C-methyl group in the cation (5N DCl/D2 0) had the same 
chemical shift (T7.45) as that in the cation of 
4-hydroxy-6-methylpyrimidine. In the cation of the 
alternative isomer (XLIX; R = H RI , = Me), the peak 
would be shifted ca 0.1 ppm downfield by the 
juxtaposition of the methyl groups (Brown and Paddon-
Row, 1967; Batterham, Brown, and Paddon-Row, 19 6 7). 
(This phenomenon was not observed in deuterochloroform 
solutions of the neutral molecules. The chemical shifts 
(Table 1) for the C-methyl protons of the above isomers 
were virtually the same; those for the 4- and 6-rnethyl 
protons in 1,2-dihydro-l,4,6-trimethyl-2-oxopyrimidine 
(XLVII, R = RI = Me) differed at most by 0.04 T). 
Several aryloxopyrimidines and the potential 
products of their rearrangement were made in 
olla oration with Dr. R.V. Foster for an abandoned 
fa et 0 this work: relevant data are recorded in 
II 
lC)a 
(XLIII) (XLIV) 
~e 
(XL V ) (XLVI) 
~e 
R' 
(XLVII) (XLVIII) 
0 0 
N 
/Me 
N 
R' N) Me N) 
I 
Me (L ) 
(XLIX) 
TABL E 1 
Proton Magnetic Resonance Spectra (T) of 
Methylpyrimidines in CDC1 3 
1,2-Dihydro-1,4-dimethyl-
2- 0 xo-
1,2-Dihydro-1,5-dimethyl-
* 2-oxo-
1,2-Dihydro-1,6-dimethyl-
2-oxo-
1,4~Dihydro-1,5-dimethyl-
4-oxo-
1,6-Dihydro-1,2-dimethyl-
6-oxo-
1,6-Dihydro-1,4-dimethyl-
6-oxo-
1,6-Dihydro-1,5-dimethyl-
6-oxo-
4-Me: s, 7.62; !i-Me: s, 6.42; 
H5: d, 3.72; H6: d, 2.27 (~6 cIs) 
5-Me: s, 7.86; !i-Me: s, 6.40; 
H6: s, 2.40; H4: s, 1.35 
6-Me: s, 7.61; !i-Me: 5,6.43; 
H5: d, 3.80; H4: d, 1.54 (~4 cI s ) 
5-Me: b, 7.95; !i-Me: s, 6.31; 
H 6: b, 2. 68 (~5 _ Met 0 H 6 1 cIs); 
H2: d, 1.81 (~ 3 cIs) 
2-Me: s, 7.42; N-Me: s, 6.40; 
H5: d, 3.55; H4: d, 2.10 (~6 cIs). 
4-Me: s, 7.66; !i-Me: s, 6.44 ; 
H5: s, 3.60; H2: s, 1.81 
5-Me: s, 7.89; !i-Me: s, 6.40; 
H4: s, 2. 10; H 2: s, 1. 84 
')0 
I 
I 
I 
: 
I 
2 1 
TABLE 1 (page 2) 
1,2-Dihydro-1,4,6-
trimethyl-2-oxo-
2_Ethoxy-4-methyl-
2-Ethoxy-5-methyl-
1- Ethyl-I, 2- di hy dro-
4-methyl-2-oxo-
1- E thy 1 - 1 , 2 - d; hy d ro-
* 5-methyl-2-oxo-
1-Ethyl-1,2-dihydro-
6-methyl-2-oxo-
4- or 6-Me: b, 7.66; 
6- or 4-Me: b, 7.62; 
N-Me: s, 6.41; H5: b, 3.81 (J 1 cIs ) 
8-Me: t, 8.52; 4-Me: s , 7.5 1 ; 
CH
2
: q, 5.46 (~ 7 cIs); 
H5: d, 3.05; H6: d, 1.45 (~6 cIs) 
s-Me: t, 8.75; 5-Me: s, 7.75; 
CH
2
: q, 5.55 (J 7 cIs); 
H4 + H6: s, 1.53 
8-Me: t, 8.60; 4-Me: s, 7.58; 
CH 2: q, 5.95 (~ 7 cIs); 
H5: d, 3.63; H6: d, 2.25 (~ 6 cIs) 
a-Me: t, 8.60; 5-Me: s, 7.85; 
CH
2
: q, 6.02 (~ 7 cIs); 
H6: d, 2.38; H4: d, 1.48 (~ 3 cI s) 
a-Me: t, 8.63; 6-Me: s, 7.55; 
CH 2 : q, 5.86 (~ 7 cIs); 
H5: d, 3.77; H4: d, 1.5 1 ( ~ 5 cIs ) 
TABLE 1 (page 3) 
2-Me th 0 xy-
4-Methoxy-
2-Methoxy-4-methyl-
2-Methoxy-5-methyl-
4-Methoxy-2-methyl-
4-Methoxy-5-methyl-
4-Methoxy-6-methyl-
OMe: s, 5.91; H5: t, 2.91; 
H4 + H6: d, 1.28 (~6 cIs) 
OMe: s, 5.01; H5: bd, 3.10; 
H6: d, 1.35 (~ 7 cIs); H2: s, 1.01 
Me: s, 7.60; OMe: s, 6.10; 
H5: d, 3.23; H6: d, 1.69 (~6 cIs) 
Me: s, 7.80; OMe: s, 6.08; 
H4 + H6: s, 1.70 
Me: s, 7.36; OMe: s, 6.00; 
H.5: d, 3.38; H6: d, 1.58 (~6 cIs) 
Me: s, 7.81; OMe: s, 5.91; 
H6: s, 1.61; H2: s, 1.21 
Me: s, 7.52; OMe: s, 6.00; 
H5: s, 3.34; H2: s, 1.20 
* H4/H6 assignment unproven but consistent with data of 
Batterham, Brown, and Paddon-Row (1967). 
')') 
e perimental sections and in Table of Ionization 
Constants and Ultraviolet Spectra in the Append·x. 
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The identities of N-alkyl isomers , thermally 
produced from alkoxypyrimidines, were confirmed by 
comparing the p.m.r. spectra of reaction mixtures with 
those of authentic samples (Table 1). During the 
fra tion of each reaction studied (see Table 2 and 3) 
the p.m.r. spectra of each mi ture remained clear a nd 
uncomplicated by peaks representing by-products: for 
example, a mixture of 4 - methoxy-5-methylpyrimidine 
(XLIV; R = R I = Me; 0.01 mole) and triethylamine (0.05 
mole), after heating at 1500 for 2 days and having most 
of the triethylamine removed in a vacuum, showed a p.m.r. 
spectrum (Fig . 1) consisting only of the peaks 
representing starting material (ca 70%), 1,6-dihydro-
1,5-dimethYl-6-oxopyrimidine (XLVIII, R = RI = Me; 
ca, 30%), and small amounts of the isomer (XLIX; R = Me, 
RI = H) and of triethylamine. The reaction of 
4-methoxy-5-methylpyrimidine was fairly fast so that its 
N-alkyl isomer was isolated and its identity reconfirmed 
by an ultraviolet spectrum; the yield of pure material 
was naturally low on account of experimental difficulty 
in completely separating 0- and N-alkyl isomers present, 
necessarily without resort to gas chromatography. Of 
TABL E 2 
First-Order Rate Cons tants fo r Rearrangement of 
2-Alkoxy-4(or 5)-methylpyrimi di nes 
0- A 1 ky 1 C- Temp.o An a 1 . % 10
6k 
Re ac tio n 
g ro up Substituen t A( m~) fo l low ed (sec.-I) 
Me 4-Me 210 266 very slow 
Me 4-Me 150 10 1 . 2 
Me 4-Me 170 56 2 . 5 
Me 4-Me 190 41 3.7 
Et 4-Me 210 266 very slow 
Et 4-Me 190 very slow 
Me 5-Me 210 271 very slow 
Me 5-Me 150 56 1 .4 
Me 5-Me 170 59 3.0 
Me 5-Me 190 50 7.4 
Et 5-Me 210 276 very slow 
Et 5-Me 190 ve ry" slow 
* Me 150 5 0.35 
* Me 150 35 4.5 
Resul ts underl i ned were obtai ned in the presence of a 5-
molar proportion of triethylamine. 
* Figures for comparison from Brown and Foster (1965). 
II 
I 
tl ~ 
: 
( days) 
I 
6 . 7 I 
3.2 
2 . 2 
5 . 7 
2 . 7 
1 .08 
23 
1.78 
TABLE 3 
First-Order Rate Constants for Rearrangement of 
4-Methoxy-2(or 5 or 6)-methylpyrimidine in the 
Presence of Triethylamine* 
Substituent Temp. Anal. % 
') ") 
(Co) A(m~} Reaction (sec-I) (days) 
followed 
2-Me 150 276 10 0.48 16.7 
2-Me 190 10 2.9 2.8 
5-Me 150 275 29 1 . 3 6.1 
5-Me 190 10 7 . 1 1 . 13 
6-Me 150 272 10 0.51 15.7 
6-Me 190 10 3.0 2.7 
* A 5-molar proportion of triethylamine was used. 
0 
Fig. 1 The P.m.r. Spectrum of the Reaction Mixture 
from Thermal Rearrangement of 4-Methoxy-
S-methylpyrimidine in the Presence of 
Triethylamine. 
O-Me 
C-Me (a) 
N-Me 
C-Me (b) 
(a) TZA (b) TEA 
I CHC13 I I I I , i T I ~ i 
1 2 3 4 5 6 7 8 ( T) 
(a) 4-Methoxy-S-methylpyrimidine 
(b) 1,6-Dihydro-l,S-dimethyl-6-oxopyrimidine 
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the 2 - alko yp rimidines earranged (see Table 2 ) onl y 
2-methoxy-4-methylpyrimidine could give wo N- alkyl 
isomers. However, the single product (XLVI 9 R :-: Me) was 
apparently uncontaminated by any of the isomer (see 
Fig. 2). 
In contrast, all the 4 - methoxypyrimidines in Table 
J could give two products , and one of them did so. Thus 
4 -methoxy-5-methylpyrimidine (XLIV, R = R' = Me) gave 
mainly the isomer (XLVIII,R = R' = Me) resulting from 
a -migrati on of the methyl group, but also a minute 
amount of the isomer (XLIX; R = Me , R' = H) , evealed 
only by isolation from a large-scale rearrangement . In 
other examples, no such product of V- migration could be 
detected, although these are not uncommon in se ies 
where a-migration is impossible (Haitinger and Lieben , 
1885; Beak and Bonham, 1966; see also Chapter I) . 
The rearrangement of each alkoxyp rimidine was 
carried out by heating it in" a sealed tube imme r sed in 
an oil bath maintained accurately at the required 
temperature. The rates of isomerization were measur ed 
by analyzing the cooled ml ure by an ultraviolet 
f 
absor~'on method. Several preliminary runs re e a led 
that he reactions of the alkoxy methylpyrimidines we r e 
so slow that no measureable change could be de ected 
I 
I 
I 
I 
I 
1 
Fig. 2 The P.m.r . Spectrum of the Reaction Mixture 
from Thermal Rearrangement of 2-Methoxy-
4-methylpyrimidine in the Presence of 
Triethylamine. 
2 8 
O-Me (a) 
C-Me (a) 
C-Me (b) 
(a) 
(b )CHC-S 
II I 
, I 
(a) 
2 3 
I 
4 
TEA 
.II, 
I I 
5 6 
(a) 2-Methoxy-4-methylpyrimdine 
N-Me 
I 
7 
(b) 1,2-Dihydro-l,4-dimethyl-2-oxopyrimidine 
T 
( T) 
I 
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wi hout the p r e s enc e 0 an ef ective 'catalyst' i z . , 
triethylamine (Brown and Foster, 1965) . Even with the 
catalys the reactions at lower -temperatu r es were so 
slow that general darkening of the mixture began to 
in erfere with measurement at 10- 15% c ompletion . 
Therefore, no attempt was made to follow the reactions 
beyond this point. Within this limitation , strict 
first - order plots were obtained (see Fig. J) 
representing the rates for isomerization of 
alkoxypyrimidines into the corresponding N-alkyl isomers. 
All the reactions of C- methylated 2-ethoxypyrimidines 
were immeasurably slow, even in the presence of 
triethylamine: no appreciable change had occurred after 
heating for 7 days and the rates are recorded in Table 2 
as 'very slow'. 
(b) The effect of a 5 - bromo substituent. The 
bromine atom was c hosen as a t y pical substituent having 
a mild electron- withdrawing effect when attached to a 
conjugated system. 
The 5-bromo-alkoxypyrimidines were p repared by 
treat'ng the c orresponding c hloro deriva ive with 
sodium alkoxide. Thus 5-bromo-2-chloropyrimidine 
(LI, R = Cl; Brown and Lyall , 1964) gave 5-bromo-2-
e hoxypyrimidine (LI, R = ~Et). 5-Bromo -2-methoxy-
I 
I 
I 
I 
I 
! 
i 
! 
I 
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Fig. 3 First - order Rate Plots for the Thermal 
Rearrangeme nt of 2_Methoxy- 5-methylpyrimidine 
in the Presence of Triethylamine . 
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Jl 
p y "m"d"ne (LI, R = OMe, Brown and Foster , 1966b) and 
S-bromo-4-me ho ypyrimidine (LII, R = OMe ; Brown and 
Fo ter, 1966b; Van de Plas and Geurtsen , 1964) we r e 
made by known methods. 
The products from rearrangement of the above 
alkoxypyrimidines were made by alternative routes. 
Thus S-bromo-l-ethyl- l,2-d ihydro- 2- oxopyrimidine (LIII, 
R = E ) was prepared by ethylation of S-bromo-2-hydroxy-
pyrimidine (LI, R = OH; Crosby and Berthold, 1960). The 
methylation of S-bromo - 4 hydroxypyrimidine (LII , R - OH) 
gave a product (Brown and Foster, 1966b), known to be 
S-bromo-l,6-dihydro-l-methyl-6-oxopyrimidine (LIV) only 
a ter its unambiguous synthesis from 1,6-dihydro- l-
methyl-6-oxopyrimidine (LV; Brown, Hoerger, and Mason , 
19S5) by bromination. S - Bromo-l,2-dihydro-l - methyl -2-
o opyrimidine (LIII, R = Me; Brown and Foster , 1966b) 
was prepared by a known method. 
The structure of the thermally rearranged products 
from S-bromo-2-metho y- and 5-bromo - 4 - methox pyrimidine 
were confirmed by comparing the p.m.r. spe tra of the 
rea ion mixtures with those of authentic samples 
(Table 4) and also by isolating the N- methyl -
o opyrimidines 
~ 
S-bromo-2-~thO 
rom the mi tures. The product from 
ypyrimidine was confirmed as S - bromo 1-
I 
I 
I 
I 
I 
I 
! 
I 
I 
i 
J a 
R 
Br 
(L I ) (L I I ) 
o 
Br. 
(LIII) (L I V ) 
o 
(L V ) 
T ABL E 4 
Proton Magnetic Resonance Spectra 
o f 5 - B rom 0 p y rim i din e sin De ute roc h lor 0 form 
5-Bromo-l,2-dihydro-
I-methyl-2-oxo-* 
5-Bromo-l, 6- di hydro-
I-methyl-6-oxo-
5-Bromo-2-ethoxy-
5-Bromo-l-ethyl-l,2-
dihydro-2-oxo-* 
5-Bromo-2-methoxy-
5-Bromo-4-methoxy-
!i-Me: s, 6.36; H6: d, 2.03; 
H4: d, 1.23 (~ 4 cIs) 
Me: s, 6.34; H2: s, 1.65 or 
1.75; H4 s, 1.75 or 1.65 
B-Me: t, 8.56; CH 2: q, 5.51 
(~ 7 cIs); H4 + H6: s, 1.31 
Me: t, 8.58; CH 2: q, 5.99 
(~ 7 cIs); H6: d, 2.08; 
H4: d, 1.36 (~ 4 cIs) 
OMe: s, 5.92; H4 + H6: s, 1.33 
OMe: s, 5.86; H6: s, 1.30 ; 
H2: s, 1.20 
* H4/H6 assignment unproven but consistent with data in 
Batterham, Brown, and Paddon-Row (1967). 
I 
I 
i 
I 
i 
i 
I 
I 
I 
I 
I 
J 
methyl 1,2-dihyd 0 2-oxopyr'midine by comparing t he p . m. 
spectrum of the reaction mixture with ha t of an 
authent'c sample. Like the C- methylated alko yp r imidine , 
rearrangement of 5-bromo-alko ypyrimidines ga e only the 
corresponding N-alkyl-oxopyrimidines . Although 5 ~ b omo -
4-methoxypyrimidine could have given two N- me hyl -
oxopyrimidines, the only product obtained w .s that from 
a-migration of the methyl group ; the p.m .r . spectrum of 
the reaction mixture after rearrangement is shown in 
Fig. 4. 
The rates of isomerization (Table 5) we r e measur ed 
by an ultraviolet absorption method as was descr ibed 
previously, and first-order plots were obtained . When 
5-bromo-2-ethoxypyrimidine was heated at 1900 or abo v e , 
rearrangement appeared to occur but the produ twas 
clearly polymeric; o below 190 no rearrangemen oc urred. 
(c) _T_h_e ______________ ~5~-_n __ i_t_r_o __ ~g_r_o_u~p. A nit r o group , 
by virtue of its strong - I and - M effects ~ has an 
ext aordinarily strong electron-withdrawing e e t on an 
at a hed system. This effect causes the hemi a l and 
physico hemical prope ties of he su stitued compound 
o di er ery markedly from those of 1 parent . With 
th' in mind; it seemed wise o prefa c e in 'e tigat ion of 
he effect 0 a nitro group on rearrangement of a n 
-r 
1 
Fig. 4 The P.m.r. Spectrum of the Reaction Mixture 
from Thermal Rearrangement of 5-Bromo-
4-methoxypyrimidine in the Presence of 
Triethylamine. 
(a) (b) 
, 
2 
J 
3 
I 
4 
I 
5 
O-Me 
I 
6 
N-Me 
I I 
7 ( 'f ) 
5-Bromo-4-methoxypyrimidine 
5-Bromo-l,2-dihydro-l-methyl-2-oxopyrimidine 
34 
I 
I 
I 
i 
I 
I 
i 
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TABL E 5 
First-Order Rate Constants for Thermal Rearra ngement of 
o -A 1 ky 1 
g rou p 
Me 
Me 
Me 
Et 
Me 
Me 
Me 
Me 
2 - A 1 k 0 xy ( 0 r 4 - Met h 0 xy ) - 5 - b rom 0 p y rim i din e s 
Tem p . 0 A n a 1 • 
A (m ~ ) 
% 
Reaction (sec.-I) 
followed 
2-Alkoxy-5-bromopyrimidines 
190 
150 
170 
190 
287 
286 
15 
22 
decomp. 
5. 7 
34 
very slow 
4-Methoxy-5-bromopyrimidines 
150 
17 0 
11 0 
15 0 
287 
20 
25 
very slow 
de com p . 
26 
380 
( hr . ) 
33 . 6 
5.65 
7.3 
0. 5 
Resul t s und e rli ne d were obta in ed i n t he pres ence 
of a 5-mol ar pro por t ion of t r iethy lamin e. 
3 
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alko y p y imidine by a mo re undamental tudy . This 
c onsisted in p epa ing and s udying t h e proper _i ~ a nd 
ehav · our of the hitherto unknown 5 - nitropyrimidin . It 
was known, for example , that t he basic trength of 
pyrimidine (LVI) closely resembled that of J - nit r o-
pyridine (LVII; Brown , 196 2 ) , p r esumabI due o the 
similar TI- electronic distribution at c o re ponding 
positions in the two ring systems . A cordingly , t he 
properties of 1,3,5- triazine (LVIII) and those of 
5-nitropyrimidine (LIX; R = H, R' = H) might b e e pe ted 
to be similar , and to test this theor 5 - ni r op imidine 
was needed. 
A recent general study (Albert and Cat e aI.I , 1967) 
of the removal of hydrazino groups from he te r o le s 
suggested a way of making the long- sough 5 - nit r o -
p r·midine . 4,6 - Dihydrazino-5-nit r opyrimidine (LIX 9 
R = H, R' NHNH2 ) was submi ted to 0 ida ion by si l v e 
o ide in warm anhydrous methanol a nd the pyrimidine 
(LIX ; R = R' = H) resulted I s 2-methyl deriv ti e 
(LIX ; R = Me , R' H) and 2-benzy l de r i ·· ti ' e LIX ~ 
R = CH2P h, R' = H) were made simila l y ; ea ·h mel ed 
mo r e than 1000 below t he respecti e isome r i su tance 
prepar ed from nitromalondialdeh de with a etimidine o r 
pheny la etamidine , and p re iously fo mula ed (Andr i ano 
and Modena, 1952· Fanta and Hedman , 1956) a th 
37 
5-nj ropy imid·ne. n his conne c t · on Collins (1 963 ) 
has s hown tha nit romalondial dehyde rea c t s wi h 
C- e ho ycarbony ace amidine to give 2-amino - J -
ethoxycarbonyl-5-n 'tropyrimidine (LX) instead of the 
e x pec ed 2 -ethoxycarbonyl - 5 - nitropyrimidine (LIX ; 
The p.m.r. s pect rum of 5 - nitropyrimidine in carbon 
te rachlo ride c ons·sted of a s ingle peak at 0 .33 T 
representing all three protons. On expansion, it was 
part y reso lved into a doublet (0. 33; J 2 _ 4 = J 2 _ 6 = 
0.3 cis) representing H4 and H6, and an unresolved 
triplet (?) at 0 .36 T for H2. The near-coincidence of 
the s'gnals may largely result from the similar effect 
on TI-electron distribution in replacing =CH- with =N-, 
or by substituting the hydrogen atom on the same carbon 
atom with a nitro group. This phenomenon is evident , 
for e xample, in a compa rable lowering (Br own and Harper, 
1961) of basic strength in going from pyridine (pKa 5.2) 
to 3-azapyridine (pyrimidine: 1.3) , or 3-nitropyridine 
(0.8); and in the comparable rates for the reactions of 
p.p r ine with c orrespond 'ng chloropyrimidines , 
chloron'tropyridines, and c hlorodini trobenzenes 
(Chapman and Rees, 1954). 5-Nitropyrimidine (LIX; 
R = R' = H) would herefore appro imate to the 
, 
I 
I 
I 
: 
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symmetri al pattern of 1 , 3 , 5- rinit obenzene ( I ) > in 
each of which the protons were r epresen ed by a s inglet 
of comparable chemical shift (see Fig. 5) . 2-Methyl - 5-
nitropyrimidine (LIX; R = Me , R' = H) in arbon 
tetrachloride showed a two - proton singlet at 0 . 45 T and 
a three-proton (CH
3
) singlet (7. 0 7) 9 2-benzy l - 5 -
nitropyrimidine, a two - proton singlet (0 .5). a similar 
(CH
2
) singlet (5.62) , and a five - proton complex centred 
at 2.66 T. 
Unlike 1,3,5-triazine , which rapidly decomposed ln 
aqueous solution (Grundmann and Kreutzberger, 19 5 4 ), 
5-nitropyrimidine underwent only a v ery slow 
irreversible first-order change in wate r (t l / 2 =- 7.3 
o days at ca 25 , which was followed by ultra iolet 
absorption) ; it was also quite stable in acid (H -2 ) , o 
but was rapidly decomposed in aqueous alkali (t l / 2 < 1 
mOno at 25 0 ). 
n cyclohexane, the ultraviolet spectra (Fig. 6 
and Table 6) of 5 - nit r opyrimidine and its 2 meth 1 
d riva ive were quite similar to those of t hei r lower 
azalogues, 3-nitropyridine and nit robenzene . Howe e r , 
each pyrimidine showed a flat n - n* pea k of low 
intensity above 290 m~, a system represented only by 
I 
I 
I 
I 
~ 
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Fig. S The P.rn.r. Spectra of S-Nitropyrirnidine (A) , 
1,3,S-Triazine (B) , and 
1,3,S-Trinitrobenzene (C) 
I 
all in Tetrachlorornethane. 
I 
I 
I 
I 
i 
i i 
0-) (C) (B) 
, I I I , f 
0 1 2 J 4 S ( T) 
1 og E: 
4.00 
3.00 
2.00 
1.00 
Fig. 6 The ultraviolet spectra of 
5-nitropyrimidine (A), 
3-nitropyridine (8), and 
nitrobenzene (Cl, all in cyclohexane. 
8 
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TABLE 6 
Ultraviolet Spectra of Relevant Nitro Compounds 
Compound 
5-Ni tropyrimi di ne 
2-Methyl-5-nitro-
pyrimidine 
A (log E)~ 
max. 
293(2.72), 255(3.54}, 249(3.74), 
241(3.88), 235(3.92}, 232(3.9 1}, 
224(3.88) 
237(3.90).f. 
305(3.83) 
295(2.81), 258(3.90), 251(4.01), 
245(4.04), 241(4.02) 
b pH-
Cy 
7.0 
-2.0 
Cy 
295(2.87), 257(3.94), 251(3.99), 7.0 
247(4.00) 
308(3.82) -1.0 
2-Benzyl-5-nitro- 281(3.56), 243(4.05) Cy 
pyrimidine 
253(3.89), 248(3.92), 243(3.99) 7.0 
308(3.84) -2.0 
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i 
I 
I 
i 
I 
I 
3-Ni tropyri di ne 
Nitrobenzene 
a Inflexions were -
TABLE 6 (page 2) 
310(2.49), 265(3.61), 240(3.85) 
325(2.18), 299(2.72), 287(3.15), 
253(3.95), 213(3.87) 
underlined. 
b Cy cy c 1 0 hex an e . = 
c o nl y majo r peak recorded. 
d Cf. That i n iso-octane (Gruber, 1953). 
e Cf. That i n iso-octane (B row n and Regan, 1947) . -
d Cy-
e Cy-
I 
: i 
i i 
i 
! 
! 
I 
I 
inflexions on he ni ropyridine (31 0 m~) and 
nitrobenzene (325 m~) cur es. The sp e ctra (Table 6) of 
the pyrimidines, as neutral molecules in wate r , were 
closely similar to those in cyc lohe ane , but on ation 
formation each spectrum underwent a r e e rs ible 
bathochromic shift of some 7 0 m~ , sugges ing (a 
criterion of Albert and Armarego, 1965) that a co alent 
hydration of the cation was in olved. The pK va lue s 
-a 
(Table 7) derived from this change were 0.7 for 
5-nitropyrimidine and 1.5 for its 2-methy l deri ative, 
also consistent with covalently hydrated cati ons 
(anhydrous cations would have pK ca -2; ompare 
-a -
pyridine, 5 . 2, with 3 -nitropyri~dine , 0 .8). This 
postulated hydration was confirmed by p.m .r . spe tra 
(cf. Batterham, 1966; Albert , Batterham , and Mc Co rmack . 
1966). Thus in D2 0, 5 - nitropyrimidine (Fig. 7) had a 
one-proton peak at 0.53 T, representing H2 and a two -
proton singlet at 0 . 40 T r epre s enting H4 and H6; 
2-me hyl -5 ni ropyrimidine, a h r ee - proton singlet a 
7 .1 2 T representing the CH
3
, and a two-proton singlet 
a 0. 3 T. In 2N-DCl / D20 t he 5 - nitropyrimidine ation 
(LXII, R ~ H) showed one proton singlet a .1 .51 
[- CH(OD)-J, 1.69 , and 1 . 34 T; the 2- methyl - 5 -
nitropyrimidine cation (LXII; R - Me) , a th ee - proton 
(CHJ ) singlet at 7.40 T, a one-proton singlet [- CH(OD) -J 
TABL E 7 
Ionisation Constants 
Compound 
5-Nitropyrimidine 
2-Methyl-5-nitropyrimidine 
2-Benzyl-5-nitropyrimidine 
3- Ni t ropy ri di ne 
pK a 
b 
0.72 ± 0.03 
1. 49 ± 0 .0 5 
0.51 ± 0.04 
a 0.8 
a From reference (Brown and Harper, 1961). 
b Measured at 20 0 spectrometrical1y. 
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Fig . 7 Covalent Hydration of 5- itropyrirnidine 
as Revealed by its P.rn.r. Spectra. 
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4 6 
at 3.49 T, and a similar singlet (=CH-) at 1.S9 T. The 
methyl compound also underwent addition of 
deuteriomethanol to its cation in CD
3
0D/DCl (one-proton 
singlets at 3.96 and 1.49 T). 2-Benzyl-S-nitropyrimidine 
was insufficiently soluble in D2 0 for measurement but in 
2N-DC1/D20 it showed a five-proton multiplet centered at 
2 . S6, a two-proton singlet (-CH2-) at S.70, and two one-
proton singlets at 3.2S [-CH(OD)-J and 1.71 T (-CH=). 
It was obvious from the above findings that a 
strong substitution effect might be expected in the 
rearrangements of nitroalkoxypyrimidines. The 
materials for the study of rearrangement were prepared 
mostly by known methods. Thus, 2-methoxy-S-nitro-
pyrimidine (LIX; R = OMe, R' = H) (Brown and Foster, 
1966b), and 2-ethoxy- S-ni tropyrimidine (LIX; R= OEt, R' = H) 
(Hopkins, Jonak, Tieckelmann, and Minnemeyer , 1966) 
were prepared according to the literatures by treating 
2 -chloro-S-nitropyrimidine (Roblin, Winnek, and 
English , 1942) with the appropriate sodium alkoxide. 
4-Methoxy-S-nitropyrimidine (LXIII; R = H, R' = OMe) 
~ 
was best prepared by ox~ation of 4-hydrazino-6-methoxy-
S-nitropyrimidine (LXIII; R = NHNH2 , R' = OMe) in 
methanol with silver oxide. The hydrazino derivative 
was prepared by preferential hydrazinolysis of the 
chloro substituent in 4-chloro-6-methoxY-S-nitropyrimidine 
, 
I 
I 
! 
: 
I 
I 
, 
(Taylor, Barton, and Paudler , 1961). Att empted 
hydrazinolysis of 4 ,6-dimethoxy-S-nit rop imidine 
(LXIII; R = RI = OMe) (Rose and Brown , 1956) gave onl 
the dihydrazino compound (LIX; R = H , RI = NHNH2 ) 
(Krakov and Christensen, 196J) under a variet of 
conditions. The structure of the 4 -metho y -S - nitro -
pyrimidine was confirmed by hydrogenation to the known 
(Marchal, Promel, Martin, and Cardon, 1960) S - amino-4 -
methoxypyrimidine (LXIV) and by ammonolysis to 4 - amino -
S-nitropyrimidine (LXV; R = H), itself confirmed by a 
preparation from 4-amino -6-hydrazino-S-nit r op rimidine 
The aminolysis of the above 
methoxynitropyrimidine was not accompanied by any 
rearrangement (cf. Brown and Foster, 1966a) . The rate 
of t-butylaminolysis of the methoxy compound (LXIII ; 
R = OMe, RI = H) by three moles of amine, under the 
preparative conditions previously used (Brown and 
Foster, 1966a) for the isomeric 2-metho y- S-
nitropyrimidine was measured by the change in t he 
ultra iolet spectra; the apparent first - order ra e 
cons ant (104 k; sec . -I) were 2.00 (10 0 ) , J 84 (20 0 ) , 
and 6.90 (JOo ), indicating that 4-methoxy S - nit r o -
pyrimid"ne was about 1.2 times more reac ive than its 
2-metho y isomer. This figure should be compared with 
I 
I 
I 
i 
: 
I 
I 
I 
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he 1.5 : 1 ratio n the reac ivity of 5-bromo - 4(and 2 ) -
methoxypyrimidine also towards t - butylamine (B own and 
Foster, 1966a) . 4-Methoxy-5-nitropyrimidine was 
unstable in aqueous acid or alkali. Thus in 2N- DC1/ D2 0 
or in O.lN-NaOD/D20, the p.m.r. spectra indicated 
complete ring fission at JJo within 2 min. Changes in 
the ultraviolet spectra were similarly rapid at room 
temperature. 
Specimens of the rearrangement products were 
prepared as follows: 1 ,2- dihydro - l-methyl - 5 - nitro-2- oxo-
(LXVI, R = Me; Stempel, Brown, and Fox , 196J ) and 
l-ethyl-l,2-dihydro-5-nitro-2-oxo-pyrimidine (LXVI , 
R = Et; Hopkins, Jonak, Tieckelmann, and Minnemeyer, 
1966) by known methods; 1,6- dihydro-l-methyl -5-nitro-6-
oxopyrimidine (LXVII) by isolation from the rea tion 
mixture after rearrangement. 
On rearrangement, the unsymmetrical 4- methoxY-5-
nitropyrimidine gave only one N-methyl derivativ e , as 
shown by the p.m.r. spectrum (Fig. 8) of the r e ction 
mixture. In view of the p redominant a - migration of 
methyl groups during rearrangement of other 
4-methoxypyrimidines , the orientation of the p r oduct was 
ass·gned without further proof . 
The rate measurements were carried out as for the 
analogues above. Attempted rearrangement of 4 - metho y-
I 
I 
I 
I 
I 
! 
4 8 a 
R' 
(L X I I I} 
OMe 
(LXIV) (L XV ) 
o 
(L X V I ) (LXVII) 
, 
Fig. 8 Rearranged Product of 4-Methoxy-
5-nitropyrimidine as Revealed by 
P . m. r . Spectrum 
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4-Methoxy-5-nitropyrimidine 
l,6-Dihydro-l-methyl-5-n itro- 0 -oxopyr i midine 
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5-n' rop r'midine in the presence 0 trie h y l mine 
fai led , probably because of decomposition o f th 
pyrimid'ne prior to rea rangement. Like pre ious 
examples, the rearrangements of all 5-nit 0 -
alko ypyrimidines showed first - order kinetic s (Fig. 9). 
The resul s are summarized in Table s 8 and 9. 
(d) General discussion of the effects of 
substitution in simple alkoxypyrimidine s. It is 
evident from the tabulated rate constants (Table 2, 3, 
5, 8, and 9) that the rearrangement of a 2- or 4-
alkoxypyrimidine is retarded by an added C- meth 1 
group, but facilitated by a 5-bromo or 5-nitro 
substituent. The nitro group is particularly effective : 
for example, 2-ethoxy-5-nitropyrimidine at 80 0 
rearranged 40 times as quickly as 2- ethoxypyrimidine at 
2 40 0 , a more than lOO,OOO-fold differentia l in rat es. 
This phenomenon of activation by a nit r o group was 
found also in the rearrangements of methox pyridines 
(Table 10) . 2-Methoxypyridine did not r earrange at 
1700 , but when one or two nitro groups were introduced 
into the pyr'dine ring, the rates of rearrangement were 
enhanced as expected. Thus , 2-metho y-5-ni tro- nd 
2-me ho y-3,5-dinitro - pyridine rearranged into t hei r 
N-me hyl isomers at rates comparable with those for 
Fig. 9 Rate Plots for the Thermal Rearrangement 
of 2-Methoxy- (or 4-Methoxy) 
5-Nitropyrimidine. 
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TABLE 8 
First-Order Rate Constants for Rearrangement of 
Q-Alkyl 
g ro up 
Me 150 
Me 170 
Me 190 
Me 60 
Me 70 
Me 80 
Et 150 
Et 1 70 
Et 80 
Et 90 
Et 100 
5-Ni tr~2-al koxypyrimi di nes 
A n a 1 • 
A(m~) 
272 
272 
% 
Reaction 
followed 
22 
37 
44 
30 
40 
50 
10 
10 
37 
70 
70 
8.4 
27 
70 
6.9 
12.3 
27 
O. 11 
0. 72 
4 . 6 
7.2 
13. 2 
t~ 
( hr. ) 
23 
7 . 1 
2 . 7 
28 
15 
7 . 1 
1780 
265 
42 
27 
14 
* Results underlined are obtained in the presence of a 
5-molar proportion of triethylamine. 
J 
T ABL E 9 
First-Order Rate Constants for Rearrangement of 
5-Nitro-4-methoxypyrimidine 
, 
Temp. Analyti cal % 10 6k tl 
I 
I ~ 
(Co) A (m~ ) Reaction (sec.-I) (h r. ) I 
followed I 
I 
i 
90 328 16 1 . 9 101 I i 
100 24 4 . 1 47 
110 23 9.4 20 
30 very slow 
80 decomp. 
I 
*Results underlined were carried out in the presence 
of a 5-molar proportion of triethylamine. 
TABLE 10 
First-Order Rate Constants for Rearrangement of 
Methoxypyridines at 170 0 * 
Pyridine 
(h r. ) 
** 2-Methoxy- very slow 
2-Methoxy-5-nitro- 0.20 975 
2-Methoxy-3,5-dinitro- 7.3 26 
4-Methoxy- 7 . 1 27 
4-Methoxy-3-nitro- <0.02 
* Reactions were followed by p.m.r. 
** No measurable change after one week's hea ting. 
4 
I 
I 
I 
I 
I 
h i ·soelectron· 
6 
analogues , 2-me hoxy- ( 1. 3 x 1 0 ; 
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ex rapolated from Brown and Foster, 1965) and 2-methox -
5-ni ro-pyrimidine (2.7 x 10- 5 sec. - I) re pecti v ely . 
The same was true in the 4-metho y series . I also 
seems s·gn·ficant tha a 2 - , 4 - , or 6 - methyl group a or 
Y to the ring nitrogen atoms had more retarding effect 
than a 5-methyl group located ~ to such atoms ; and that 
during rearrangement of 2 - methoxy- 4 - methylpy rimidine, 
the methyl group migrated exclusively to the more 
electron-deficient nitrogen atom at the I - position. 
These observations suggested that the important effect 
of an added group is in modifying electron density of 
the ring nitrogen atoms by electron-release or 
electron-withdrawal transmitted mesomerically and/or 
inductively . The direct effect on the alkoxy group , 
evident in profound activation (or otherwise) of 
alko ypyrimidines towards nucleophilic attack when 
groups are added (Brown and Foster, 1966a, 1966b) , may 
have minor relevance in rearrangement. 
Attempts to correlate the Hammett's sigma constant s 
for the subs i uen s (Ja e, 1953) with isomeriza ion 
ra es were unsa isfactory, whether the alko y g r oup , 
ing n rogen, or a four-centre complex was a s sumed a s a 
s e of reaction. However, there was a signifi c ant 
56 
quali ati e correlation (Table 11 ) etween th c hemi a l 
s h"f s for he methoxy protons , the basic pK . alues for 
he metho ypyrimidines (Mizukami and Hi ai, 1966 ~ Brown 
and Short, 1953 ; Clark and Perr in , 19 64 ) (p ope ties 
reflecting the degree of electr on- deple t ion , o r 
otherw"se, by an added group) , and the rates of 
rearrangement. 
(e) The effect of para - substituents on the 
rearrangement of 2-metho y - 5 - phenylpy imidine . The 
effects of substituents on the he mal r e ar angement o f 
alko ypyrimidines as described so far, h as in luded a 
considerable steric effect because of the ne essar 
proximity of each substituent to the reaction c entre . 
In order to measure the substituent effect , free from 
any steric effect, the rearrangement of a s e ries 0 
5-E_substituted-phenyl-2-methoxypyrimidines , has been 
s ud"ed. 
Like the simpl substitu ed alkoxyp yrimidines , the 
2-metho y - 5 - E -substituted- phenylpyrimidine s were 
p r epared generall by treatment of t he c orresponding 
chloro deri atives (LXVIII , R' - CI) with methanoli 
sodium me ho ide. The chI o r o p yrimidine s we r obtained 
b he a ion of phosphoryl c hloride on the 
orresponding 2-hydro y-pyrimidines (LXVIII , R' 
7 
TABLE 11 
Ionization Constants, Chemical Shifts of Methoxy Protons, 
and Isomerisation Rates for Methoxypyrimidine s 
Pyrimidine Chemi cal 
shift (T) * 
2-Methoxy-4-methy1- 2.1Q 6.10 3.4 
2-Methoxy-5-methy1- 1 . 7 6.08 7.4 
1.05~ ** 2-M e tho xy- 5.91 25 
c ** 5-Bromo-2-methoxy- -0.8- 5.92 200 
** 2-Methoxy-5-nitro- - § 5.80 50,000 
4-Methoxy-2-methy1- 4.oi 6.00 3.0 
4-Methoxy-6-methy1- 3.7Q 6.00 3.0 
4-Methoxy-5-methy1- 3.6 5.91 7 . 1 
2.5~ ** 4-Methoxy- 5.91 14 
1.3.£ ** 5-Bromo-4-methoxy- 5.86 6,000 
** 4-Methoxy-5-nitro- - § 5.73 30,000 
* t At 1900 in the presence of a 5-mo1ar In CDC1 3 . 
** proportion of triethylamine. Approximate figure by 
extrapolation. §Hydro1ysis precluded measurement; 
<-1 by calculation (Clark and Perrin, 1964). ~ Brown 
and Foster, 1966a. Q Marshall and Wal ker, 1957. 
c Brown and Foster, 1966b. i Mizukami and Hirai, 1966. 
e B ro w nan d S h 0 r t, 1 9 5 3 . 
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o the hydroxypyrimidine s , only the p reparation of 2 -
hydroxy-5-phenylpyrimidine (LXVIII ; R = H , Rf _ OH ) had 
been reported: Rupe and Knup (19 27 ) prepared it by 
condensing phenylmalondialdehyde (LXX , R = H) with 
urea. Although the other hydroxypyrimidine s might have 
been prepared similarly , this would hav e involved the 
tedious procedures for preparing the subs ituted 
malondialdehydes (LXX). Instead, a more promi sing 
method of preparing the pyrimidines was developed , 
namely condensation of urea with 3 - imino -2-£ -substituted-
phenylacetaldehydes (LXXI), which were made ea sily by 
C-formylation of appropriate phenylacetonit r ile s 
followed by reduction. 
Although the catalytic hydrogenation of 
nitriles usually leads to a mixture of primary 
and se90ndary amines (Rupe and Hodel , 1923), 
a-formyl-a-phenylacetonitrile gave a stable 
aldimine (LXXI, R = H; Rupe and Knup , 1927). 
This was found to apply to all the 
arylformylacetonitriles used in the pre sent 
work. The infrared spectrum of each product 
from hydrogenation of an a rylfo rmyl acetonitrile 
showed the absence of a cyano group , and the 
presence of a hydrogen bonded =NH and a =CH- OH 
group (~ 3100 - 3400 c m- l ) ; the p.m.r. 
spectrum also showed the presence 0 an =NH 
group (~ 4 - 6r, depending on the compound 
and solvent) . The e ep t i on a l s t ab ili y of 
the ald'mines (LXXI) i s p r o ab l y due to 
'n r amole cular h ydrogen bonding whi c h 
dis c ouraged the further atta k of h y ogene 
This procedu e gave 5-phenyl - , 5 - £ - tolyl - , 5-£ -
me ho yphenyl-. 5-£-bromophenyl - 7 5 - £ - hlorophenyl - , 
and 5-£-NN-dimethylaminophenyl-2- methoxypyrimidine . 
59 
2 Methoxy 5-£ - nit r opheny lpyrimidine . whi c h could not be 
p repar d Y this me hod for t he o bvious r e ason 9 was mad 
c onv en'en l y by nitra ing 2 - metho y - 5 pheny lpyr imidine ; 
the po s ition of the nitro group in the p r oduc t was 
clearly para from the p.m .r. spectrum (Fi g . 10) whi c h 
showed an A2B2 set of signals for the phenyl protons. 
Sim'lar nitration of 2-hydro y - 5 - pheny lpy imidine ga e 
2-hydroxY-5-£-n' rophenylpyrimidine (LXVII~ R ~ N0 2 , 
R' = OR). Reduction of 2-methoxy-5 - E - nit r ophenyl -
pyr 'midine gave 5-E aminopheny l 2 - metho pyrimidine. 
An authenti c specimen of ea c h N- methyl is ome r 
(LXIX), expected on rearrangement 0 t he above 
metho ypyrimidines (LXVIII , R' = OMe) 9 was prepared 
ei her y ondensa ion of the appropria e 
minoa etaldehyde (LXXI) with N- methy urea. or b 
me h y lat'on of the corresponding h dro ypyrimidine . 
5-£ - Bromophenyl- (LXIX, R = Br ) and 5 - £ - hlo r opheny l -
1~-dihydro- I-methyl-2-o opyrimidine (LXIX , R = CI) we r e 
60 
Fig. 10 P.m.r. Spectrum of 2-Methoxy-5-E-nitrophenyl-
pyrimidine in d 6-DMSO. 
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prepared by thermal rearrangement of the respective 
methoxypyrimidines. he identity of each product was 
confirmed by its p.m.r. spectrum (Table 12) and 
elemental analysis. 1,2-Dihydro-l-methyl-5-£-
nitrophenyl-2-oxopyrimidine (LXIX, R = N0 2 ) was obtained 
by methylation, or alternatively by nitration of the 
phenyl-oxopyrimidine (LXIX, R = H). Authentic 5-£-
aminophenyl-l,2-dihydro-l-methyl-2-oxopyrimidine 
(LXIX, R = NH2 ) was prepared by reduction of the 
nitrophenyloxopyrimidine (LXIX, R = N02 ). 
Rate determinations for the rearrangements of 
5-aryl-2-methoxy-pyrimidines into their respective 
N-methyl isomers were carried out as described in 
previous sections. However the analysis of each 
reaction mixture was performed by p.m.r. spectroscopy, 
because there was too little difference between the 
ultraviolet spectrum of the methoxypyrimidine and that 
of the N-methyl isomer for the usual method to be used. 
The composition of each mixture was calculated from the 
relative intensities of OMe and NMe signals in the p.m.r. 
spectrum . Under the conditions recorded in Table 13 , no 
by-product was detected after any rearrangement. 
Rearrangement occurred only when the methoxypyrimidine 
was heated at a temperature above its melting point with 
R 
R 
(LXVIII) 
R 
(L X X ) 
(LXIX) 
R 
(LXXI) 
CH-CHO 
I 
CH=NH 
61a 
TABLE 12 
* P.m.r. Spectra of p-Substituted-phenylpyrimidines 
Pyrimidine 
5-p-Aminophenyl-l,2-
dihydro-l-methyl-2-
ox 0 - ( i n d 6 OM S d ) 
5-.E.-Ami nophenyl-
2-methoxy-
5-p-Bromophenyl-l,2-
dihydro-l-methyl-
2-oxo-
5-.E.-Bromophenyl-
2-methoxy-
5-p-Chlorophenyl-
1,2- di hydro-l-
methyl-2-oxo-
Chemical Shifts (-r) 
NMe: s, 6.53; C6H4 : two-d, 3.40, 
2.75 (~rtho 10 cIs); H6: d, 1.65; 
H4: 1.21 (~_6 4 cIs) 
OMe: s, 5.97; C6H4 : two-d, 3.26, 
2. 70 (~rtho 10 c/s); 
H4 + H6: s, 1.37 
NMe: s, 6.38; C6 H4 : two-d, 2.75, 
2.43 (~rtho 10 cIs); H6: d, 2.15; 
H4: d, 1. 15 (~_ 6 4 c/ s ) 
OMe: s, 5.98; C6H4 : two-d, 2.68, 
2.40 (~ortho 10 cIs); 
H4 + H6: s, 1.35 
NMe: s, 6.33; C6H4 : s, 2.60; 
H6: d, 2.05; H6: d, 1.14 
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TABLE 12 (page 2) 
5-£-Chlorophenyl-
2-methoxy-
1,2- Di hy d ro- 5-.e.-
methoxyphenyl-1-
methyl-2-oxo-
2-Methoxy-5-.e.-~­
di methyl ami no-
ph enyl-
(in trifluoroacetic 
aci d) 
1,2-Dihydro-1-methyl-
5-p-dimethylamino-
phenyl-2-oxo- (i n 
OMe: s, 5.95; C6H4 : s, 2.56; 
H4 + H 6: s, 1. 31 
NMe: s, 6.40; PhOMe: s, 6.19; 
C6H4 : two-d, 3.07, 2.67 (~rtho10 cIs) 
H 6: d, 2. 25; H4: d, 1. 19 C~4 _ 6 4 cl s ) 
NM e 2: s, 7. 00; OM e: s, 5.97; 
C6H4 : two-d, 3.20, 2.60 (~ortho10 cIs) 
H4 + H 6: s, 1. 34 
NMe 2: s, 6 .51 ; OMe: s, 5.54; 
C6H4 : s, 2 .1 2; H4 + H6: s, 0.77 
NMe2 : s , 6.65; NMe: s , 6.05; 
C6H4 : s , 2. 13 ; H6: d, 0.85; 
H4 : 0.51 (~- 6 4 cIs) 
trifluoroacetic acid) 
1,2-Dihydro-1-methyl- NMe: s, 6.27; C6H5: s, 2.42; 
2-oxo-5-phenyl- H6: d, 1.95; H4: d, 0.91 C~-6 4 cIs) 
J 
TABLE 12 (page 3) 
1,2-Dihydro-1-methyl- CMe: s, 7.57; NMe: s, 6.31; 
2-oxo-5-p-tolyl-
1,2-Dihydro-1-methyl-
5-£-ni trophenyl-
2-oxo-
(i n d 6 DMSO) 
2-Methoxy- 5- p-
met h 0 xy ph e ny 1 -
2-Methoxy-5-phenyl-
2-Methoxy-5-p-
nitrophenyl-
(in d 6 DMSO) 
2-Methoxy-5-£-tolyl-
* 
C6 H4 : s, 2.59; H6: d, 2.04; 
H4: d, 0.95 (~-6 4 cIs) 
NMe: s, 6.40; C6 H4 : two-d, 1.91, 
1.51 (J th 10 cIs); H6: d, 0.97; 
-or 0 
H4: d, 0.75 (~-6 4 cIs) 
PhOMe: s, 6.18; OMe: s, 5.99; 
C6 H4 : two-d, 3.01, 2.56 (~rtho10 cIs) 
H4 + H6: s, 1.35 
OMe: s, 5.94; C6H5: s, 2.39; 
H4 + H6: s, 1.12 
OMe: s, 5.91; C6 H4 : two-d, 1.83, 
1.50 (~ortho 10 cIs); 
H4 + H 6: s, O. 77 
CMe: s, 7.61; OMe: s, 5.95; 
Measured in CDC1 3 unless specified. 
s: singlet, d: doublet, two-d: two doublets, m: multiplet 
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trie hylamine; withou the amine o r below the melting 
point of the methoxypyrimidine, no rearr angement ould 
be detec ed, and p r olonged heating of the ompound 
under such conditions gave a variet y of uniden tified 
decomposition products. Thus , 5 - £ - NN - dime h l a mino -
phenyl- or 5-£-nitrophenyl - 2-methoxypyrimidine with 
o h 1 0 dOd t 1500 o r 1900 trlet y amlne 1 no rearrange a 
respectively but each rearranged quite rapidly a a 
temperature just above its melting point ~ the 
= 5 . 7 0 h r . dimethylamino compound (m.p. 1700 ) had t l / 2 
at 1900 ; the nitro compound (m.p. 2140 ) h ad 1 / 2 - 1.86 
min. o at 230 . 
The rearrangement of 5-£-aminophen 1 -2-methoxy 
pyrimidine (LXVIII, R = NH2 , R' = OMe) ga "e only 5-£-
aminophenyl-l,2-dihydro-l-methyl -2-oxop yrimidine (LXIX , 
R = NH2 ). No isomeric 2-hydroxy-5-£- N- me t h lamino -
phenylpyrimidine (LXVIII ; R = NHMe , R ' = OH) could e 
detected by comparing the p . m. r. spectrum 0 the p oduct 
with that of the unambiguousl prepared 0 op rimidine 
All the rearrangements fo llowed fi rs order 
kineti cs , and the rates are summarized in Tab le 1 3 It 
is clear that rearrangement was retarded by an added 
elec ron-donating substituent, but a celerated b an 
TABLE 13 
Fir s t - 0 r d erR ate Con s tan t s for the The rm a 1 Rea r ran 9 em e n t 0 f 
2-Methoxy-p-Substituted-phenylpyrimidines* 
Substituent 
H 
H 
Me 
Me 
OMe 
OMe 
OMe 
Cl 
Cl 
Cl 
Br 
Br 
Br 
NH2 
NH2 
NMe 2 
NMe 2 
N0 2 
N0 2 
Temp.o 
150 
170 
150 
170 
150 
170 
190 
130 
150 
170 
130 
150 
170 
170 
190 
190 
210 
210 
230 
% Followed 
40 
50 
70 
80 
45 
80 
86 
29 
59 
80 
11 
52 
85 
87 
85 
90 
90 
99 
90 
17.5 
7.5 
22.8 
9.0 
16.5 
5.2 
2.1 
58 
10. 7 
3.5 
77 
10.5 
3.4 
1. 76 
0.55 
5.7 
2. 7 
0.074 
0.031 
1 . 13 
2.56 
0.84 
1.92 
1. 15 
3.7 
9.0 
0.33 
1.80 
5.5 
0.25 
1. 83 
5 . 6 
10.9 
35 
3 . 36 
7 • 1 
260 
620 
* With 5-molar proportion of triethylamine as a catal ys t . 
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added electron-withdrawing substituent. 5 - E - Aminophenyl-
2-me hoxypyrimidine rearranged at an exceptionall high 
speed suggesting a different reaction mechanism. 
Although there is a reasonable correlation between 
the rate of rearrangement and the pK of ea h 
-a 
metho ypyrimidine (Table 14), no such correlation is 
evident between the rate of rearrangement and the 
chemi al shift for the metho yl protons in the 
metho ypyrimidine (cf. the simply substituted 
methoxypyrimidine discussed previously). 
t was clear from Table 11 and 14, that the effect 
of each p ara-substituent on the rearrangement of 
2-methoxy-5-phenylpyrimidine was not as marked as that 
of the same substituent attached directly to 2-methoxy-
pyrimidine . It seemed likely that this reduced effect 
on the rearrangement was due primarily to diminished 
conjugation between the phenyl and pyrimidine ring in 
5-aryl-2-methoxypyrimidines resulting from some loss in 
coplanarity, and also to the greater distance between 
the substituent and the reaction centre. Such 
transm·ssion of the electronic effect of a subs ituent 
from one benzene ring to ano her in biphen 1 has been 
s udied theore i ally (Dewar and Grisdale , 1962; 
Ehrenson, 1964; Ritchie and Sager, 1964) and 
08 
TABLE 14 
Ionization Constants, Chemical Shifts of Methoxy Protons, 
and Isomerization Rates for 2-MethoxY-5-p-Substituted-
phenyl pyrimidine at 190 0 
Substituent 
H 5.4* 
Me 3.8* 
OMe 9.0 
Cl 14.5* 
Br 22.0* 
NH2 13. 5 
NMe 2 3.4 
NO 2 100* 
* 
Chemical Shift ( T) 
in CDC1 3 
0.79 5.94 
0.85 5.95 
0.78 5.99 
0.62 5.95 
0.61 5.98 
0.37(dication) 5.97 
0.22(dication) 5.97 
0.2 5.95(in DMS O) 
Obtained by extrapolation. 
experimentally (Berliner and Blommers, 1951 , B rliner 
and Liu, 1953). It was not possible to make any imilar 
theoretical predictions in the arylpyrimidine ystem 
because of the lack of fundamental data o However, the 
plot of log k against a. values 
- £ - substltuted-phenyl 
(derived by Berliner and Liu, 1953, for the biphenyl 
system) showed excellent · rectilinearity (Fig. 11) 
compared with a similar plot (Fig. 12) using classical 
a constants (McDaniel and Brown, 1958). 
£ 
This suggested 
that a similar transmission factor (30-40%) operated in 
both the 5-arylpyrimidine and biphenyl systems. 
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Fig . 11 , / lo g k vs a b' d 7~ E-sU stltute -phenyl 
-log k 
3.00 
3.40 
o NH 
2 
~I 
Q.o 3. 80 0 
...-l Cl 
I 
OMe 
4.20 H 0 
0 
0/ 
a / Me -
4. 60 Me 2 
-0.3 -0.1 o 0.1 0.2 0.3 
°E-substituted-phenyl 
a ° was an estimated value. 
Fig . 1 2 
-log k 
2. 60 
3.00 
~I 
b.D 3. 40 
o 
,..--1 
I 
3.80 I 
4.20 
lo g k v s a 
E 
o I H 
2 
OMe 
o 
Br 0 
o H 
-0.4 o 
a 
E 
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Chapter III 
MECHANISM OF THE THERMAL REARRANGEME T 
OF ALKOXYPYRIMIDINES 
1) 'Cross-Over Migration' Reaction 
In order to prove whether the rearrangement 0 an 
alkoxypyrimidine into its N-alkyl isomer proceeded v ia 
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an intermolecular mechanism or otherwise, a 'Cross - over 
migration' reaction was carried out. For this purpose , 
it seemed W best rearrange a mixture of 2 - ethoxy- 5 -
nitropyrimidine and 4-methoxypyridine (Hai inger and 
Lieben, 1885) because, in isolation, these two compounds 
rearranged at about the same rate. After heating the 
above mixture (l:l-molar ratio) the p.m.r. spectrum 
(Fig. 13) indicated all four possible products . 
Although all the signals from the two pyrimidines were 
difficult to identify in the spectrum due to over lapping , 
those from each pyridine were easily identified by 
comparison with the spectrum of an authentic l ~ l-mi ture 
of l-ethYl-l,4-dihYdro - 4 - oxo - (Mar kees 9 1958) and 
1,4-dihydro-l-methyl-4-oxopyridine (Haitinger and Lieben , 
1885) . This proved that rearrangement pro c eeded b y a n 
intermolecular mechanism. 
I 
o 
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Fig . 13 'Cross-over Migration' of the Rearrangement 
of 2 - Et oxy-5-nitropyrimidine a nd 
4-Methoxypyridine 
( c) 
, 
1 
(a) + (b) 
(a) 
(a)+(b) 
(a)+(c) 
I , , I 
2 3 4 5 6 7 
1-Ethyl-l,4-dihydro-4-oxopyridine 
1,4-Dihydro-1-methyl-4-oxopyridine 
Re a rranged products from 2-ethoxy-
5-nitrop yridmidine 
(a) 
(c) 
I I 
8 ( T) 
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2) Effec of 'Catalyst' on the Rate 0 R arrangement 
All the rearrangements recorded in this wor k we r e 
found to be mildly catalysed by an organic base 
(triethylamine, cf. Brown and Foster , 1965), but no such 
catalytic effect was observed when a Lewis a id (HgBr
2 
or HgC1 2 ) or an organic acid (methanesulphoni c acid) was 
added. In a formally similar rearrangemen t , Thacker and 
Ulbricht (1968) reported, that 5-nitropyridyl gly osyl 
ether rearranged into its N-glycosyl isomer at an 
accelerated rate by using a Lewis acid as atalyst. 
However, the thermal rearrangement of the simple 
analogue, 2-methoxy-5-nitropyridine (Caldwell and 
Kornfeld, 1942) showed no acceleration in the presen e 
of a Lewis or organic acid; like the p yrimidines it was 
accelerated by organic bases. This suggested that the 
thermal rearrangement of 2-methoxy- and 2-g1ycosyl oxy-5 -
nitropyridine might well p r oceed by differen t 
mechanisms. 
The role of the basic catalyst in thermal 
rearrangement is still not clear. Since the 
rearrangement does o ccur, alb eit more slowl , on mere 
heating, it seems unlikely that the catalyst 
participates in the formation of a transition state in 
the rate determining step. Thi s as urnption was 
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supported by an experiment designed to de ermine the 
order of reaction in relation to the concen ration of 
the catalyst (triethylamine) during the rearrangement of 
a dilute solution (5.117 x 10-3 ) of 2-metho y - 5 -
nitropyrimidine in non-polar solvent (cyclohe ne). 
This order of reaction (Table 15) was not con tant , 
changing from one concentration to another. Such a 
strong dependence of the reaction order on 
concentration suggested that the catalyst was acting 
simply as a favourable medium for rearrangement rather 
than participating in the formation of the transition 
state. 
3) The Rearrangement Mechanism 
With the established intermolecular and non-radical 
nature of the rearrangement in mind, The results 
observed in the present work might be explained b 
either of the mechanisms outlined below. At present, 
insufficient data is available to make a choice. 
Mechanism A: a unimolecular reaction. 
This two-step mechanism would involve the cleavage of 
the O-Me bond of an alkoxypyrimidine to give an anion 
(LXXI) and an alkyl cation as intermediates, followed 
by the recombination of the cation and the anion 
(LXXI b) to form the rearrangement product (LXXIIc). In 
TABLE 15 
Reaction Order in Relation to the Concentration 
of Triethylamine in the Rearrangement of 
2-Methoxy-5-nitropyrimidine in Cyclohexane 
molar ratio reaction order 
0.25 0.50 0.28 
0.50 1.00 0.29 
1.00 3.00 0.49 
3.00 5.00 0.80 
5.00 7.00 0.55* 
7.00 - 00 decomposed 
* Partially decompo s ed . 
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Mechanism A 
U N RO~!lkj 
N O-R 
R' 
(LXXlla) 
7ba 
RO{)J_ 
N 0 
/ (LXXII) 
R' 
(LXXllb) 
R' 
(LXXllc) 
77 
view of the undoubtedl y ready alkylation 0 u h CL 
pyrim'dinyloxy anion by an alkyl cation ? the reo the 
rearrangement would depend on he first s ep of t he 
reaction, i . e., first-order kine tics would be o b er d 
in the rearrangement. In this me chani sm , an electron-
withdrawing substituent added 0 the alko pyr imidine 
would not only facilitate cleavage of the O- Me b ond ut 
would also stabilize the carbanion (LXII) becaus e of the 
mesomeric and inductive effects of the substituent ; the 
rearrangement would be accelerated , and this accords 
with observation. In addition , the fo mation of a 
carbanion during the rearrangement is upported mildl 
by the fact that rearrangement of 4 - h dro y -2-metho - 6 -
methylpyrimidine (LXXIII) gave both a rearranged p roduct 
(LXXIV) and a demethylated (LXXV) product (Mc Omie, Sayer, 
and Chesterfield , 1957), and by the similar . rearrangement 
of an optically active phenyl U- phenyleth 1 ether 
(LXXVI) to give a racemic produc t, 2- U- phenyleth ylphenol 
(LXXVII; Gould, 1959) . Although t hi s mech nism has 
attractive features, it must be pointed out that the 
unimole cular nature of the ra e - determining step remains 
rather speculative because he first-o rder k'netics in 
this work were observed ne c essarily in highl y 
concentrated media r athe r han in dilute solution . 
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OH 0 0 
CN ~ /Me Mef)oH NH N~O M~!loMe Me 
H 
(LXXIII) (LXXIV) (LXXV) 
o -CH-Ph OH 
, 
Me CH-P h I 
Me 
(LXXVI) (LXXVII) 
Mechanism B: an 'intimate' ion- p a ir r e .cti on. 
n this mechanism it would be assumed that he 
alkoxypyrimidine was split into an 'intimate' ion- p a i r 
by the action of heat, via a cyclic or a linear 
transition state. The recombination of the 'intimate' 
ion-pair (LXXVIII) would yield the rearranged product 
(or the unchanged starting compound). The observ ed 
substitution effect would be just as consistent with 
this mechanism as with mechanism A above. A cyclic or 
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linear transition state is assumed on the basis that it 
is favoured by resonance stabilization via the orbital 
over-lapping across the nitrogen atom and alkyl group 
(see the following page) and that the migration 
distance for the alkyl cation is probably shorter ~ 
such a transition state than in others. 
Mechanism B 
R' 
or 
R'~ 
I 
• R 
[6 
R' 
+ 
- - R 
(LXXVllla) 
Product 
R' 
Pro d u ct. 
7Ga 
R' 
R' 
-
+ R - --
.., 
(LXXVlllb) 
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Chapter IV 
EXPERIMENTAL DETAILS 
General Data 
Micro-analyses were carried out by Dr J.E. Fildes, 
and her assistant analysts, Mrs I. Komorowsky , Mrs N . 
Rincic and Miss R. Jaason in the Micro-analytical 
Section of the Department of Medical Chemistry in this 
University. Ultraviolet spectra were recorded with a 
Shimadzu RS27 Spectrophotometer and peaks were checked 
with a Hilger Uvispec. Proton magnetic resonance 
spectra were recorded by Mr S.E. Brown with a Perkin-
Elmer R 10 60Mc/sec. instrument at 33.5 0 with 
tetramethylsilane or sodium 3-trimethylsilylpropane 
sulphonate as internal reference. Infrared spectr a 
were recorded with a Unican SP 200, using Nujol or 
hexachlorobutadiene mulls. 
Ascending paper chromatography was used t o confirm 
the usual criteria of purity for the compounds prepar ed . 
Eluents used were 3% aqueous ammonium chloride , and 
n-butanol/5N-acetic acid mixture (7:3). The pape r 
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chromatograms were examined in ultraviolet light of 
wave length 254 m~ and 365 m~. 
Ionization constants were determined* by the 
spectrophotometric method, outlined by Albert and 
Serjeant (1962). These measurements were made on an 
Hitachi Model 101 UV-VIS Spectrophotometer , and the 
buffers of low ultraviolet absorption (Perrin~ 19 63) 
were normally used for all these determinations ; for 
low values of pH the acidity function (H ) 
o 
solutions of 
Paul and Long (1957) were used. 
Following the practice of The Chemical Society , the 
names of new compounds are underlined (in lieu of 
italics) at their first mention in the body of the 
experimental text. Names which are headings are also 
underlined, but this does not indicate that the compound 
is necessarily new. All compounds prepared are listed 
alphabetically in the appendix, the names of those that 
are new again being underlined. 
* Twenty five of the values were determined by Mr D.T. 
Light and Miss M.D. Basell. 
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Syntheses 
2-Chloro-5-methylpyrimidine 
(i) 2,4,6-Trichloro-5-methylpyrimidine (Ge r ngr o ss , 
1905; 14.6 g) in benzene (50 ml), zinc dust ( 2 0 g) , and 
IN-ammonium hydroxide saturated with sodium chlo r ide ) 
were heated under reflux with vigorous sti r ring for 
7 hr. Extraction with benzene and distillation of the 
extract gave 2-chloro-5-methylpyrimidine (85%), m.p. 9 2 0 
(Gerngross, 1905, gives 92.50). 
(ii) 1,1,J,J-Tetramethoxy-2-methylpropane 
(Protopopova, Klimko, and Skoldinov, 1959 , 2 3 . 4 g) , 
urea (6.0 g), ION-hydrochloric acid (25 ml), a nd 
ethanol (50 ml) were heated under reflux on a stea m 
bath for 1 hr. Refrigeration gave 2-hydroxy- 5 -
methylpyrimidine hydrochloride (74%), m.p. 2 500 
(decomp.) after recrystallizing from ethanol (Found ~ C , 
41.25; H, 4.8; N, 19·1. C5
H
7
CIN 2 O requi r es C , 41.0 , 
H, 4.8; N, 19.1%). The hydrochloride (10 . 5 g) a nd 
phosphoryl chloride (50 ml) were heated unde r r eflux 
10 hr. After distilling off the excess of pho s phor 1 
chloride, the residue was added to ice and the b r ei 
adjusted to pH 9. Extraction with ether and 
evaporation gave the chloromethylpyrimidine (60%) , 
identified by mixed m.p. 
fo r 
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2-Methoxy(and ethoxy ) -5-meth ylp yrimidine 
The above chloropyrimidine (7.2 g) was warmed for 
15 min. with methanolic sodium metho xide ( r om 3 .4 g 
sodium and 60 ml methanol). The cooled solution was 
added to water. Extraction with ether and distillati on 
gave the methoxymethylpyrimidine (65%) , b.p. 96 0 /10 mm . 
(Found: C, 58.0; H, 6.45 ; N , 22.6. C6H8N 2 0 requires C , 
58.05; H, 6.5; N, 22 . 6%). The picra t e had m.p . 1 2 0 0 
depressed on admixtur e with picric acid (Found : C , 40.95; 
H, 3.2; N, 19.5. 
N, 19.8%). 
Prepared similarly, the ethoxymethylpyr imidine 
~ 
(5 4%) had b.p. 78-79 0 /2 mm. (Found : C , 61 . 1 ; H , ~. 2; 
N, 20.1. C7HION2 0 requires C, 60.85; H, 7.3; N, 2 0 .3%). 
Its picrate had m.p. 1060 (from ethanol) (Found ~ C , 
42.95; H, 3.3; N, 18.9. 
H, 3. 6; N, 19. 1%) . 
5-Bromo-2-ethoxypyrimidine 
5-Bromo-2-chloropyrimidine (B r own and Lyall , 1964 ; 
5.0 g) was warmed for 10 min. with ethanolic s odium 
etho ide (sodium , 0.6 g). The solution was diluted with 
water (50 ml) and extracted with ether . Evaporation 
gave the ethoxypyrimidine (67%) , m.p. 56-57 0 (from light 
pe roleum) (Found : C , 35.8 ; H , 3.5; N, 14 . 0 5. 
4-Methoxy-5-methylpyrimidine 
4 - Chloro-5-methylpyrimidine (Vande r hae ghe and 
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Claesen, 1957) was treated with sodium metho ide as was 
its 2-chloro-isomer above. The resulting 4 - metho xY-5-
methylpyrimidine (73%) had b.p. 93-94 0 /3 5 mm. (Found ~ 
C, 58.05; H, 6.9. 
and the derived picrate, m.p. 175 0 (Found : C , 41.0 , 
H, 2.85; N, 19.65. C12HIIN508 requires C, 40 . 8 ; 
H, 3.1; N, 19.8%). 
l-Aryl(or alkyl) - 1,2-dihydro-2-oxopyrimidines* 
N-Phenylurea (14.0 g), 1,1,3 ,3-tetrametho ypropane 
(18.0 g), ethanol (100 ml), and lON-hydrochloric acid 
(20 ml) were set aside at room temperature for 3 days . 
The residue from evaporation was dissolved in wa ter and 
the solution adjusted to pH 8. A chlo roform e tract was 
passed through an alumina column and t hen evaporated . 
The residual 1,2-dihydro-2-~- 1 -phenyl pyrimidine 
(2.5 g) had m.p. 155-1560 (from aqueous ethanol) 
(Found : C, 69.8; H, 4 .5; N, 16.2. 
* With Dr R.V. Foster. 
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c, 69 . 75; H, 4.7; N, 16.3%) . Appropriate ureas 
similarly gave 1,2-dihydro-2-oxo-l-p-to lylpyrimidine 
(45%), m. p. 142-1430 (from ethanol) (Found ~ C , 71. 2 5 ; 
H, 5 . 5; N, 14.9. CIIHION20 requires C , 70 . 95; H , ~ 4 ; ~ 
15 . 05%); and 1,2-dihydro-l-isobutyl-2-ox opyrimid ine 
(42%), m.p . 84-850 (from acetone - light petroleum) 
(Found: C, 63.0; H, 8.0; N, 18.3. 
C, 63.1; H, 7 . 95; N, 18.4%). 
2-Isobutoxypyrimidine* 
2-Chloropyrimidine (Howard, 1949; 6.5 g) in 
isobutyl alcohol (60 ml) was added to sodium isobutoxide 
(from 1 . 35 g sodium) in isobutanol (500 ml) . After 
stirring and heating on the steam bath for 1 hr ., the 
reaction mixture was cooled. Some solid carbon dioxide 
was add ed followed by ether (ca 300 ml) and salts were 
filtered off . Distillation gave the isobutoxypyrimidine, 
b . p. 103-1040/18 mm. (Found: C, 62.5; H, 7.7; N, 18.3. 
2-p-TolyloxYPyrimidine* 
2-Chloropyrimidine (Howard , 1949 ; 4.0 g) , E - cresol 
(5.5 g) and anhydrous potassium carbonate (5.0 g) were 
* With Dr R.V. Foster. 
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o heated together at 175 for 1 hr. The cooled mixture 
was diluted with N-potassium hydroxide (50 ml) and 
shaken with ether . Evaporation of the ether layer 
gave 2 - p - tolyloxypyrimidine (6 . 0 g), m.p. 74-75 0 (from 
aqueous ethanol) (Found: C, 70.6; H, 5.5; N, 15.2. 
4-t-Butylaminopyrimidine* 
Sublimed 4-chloropyrimidine hydrochloride (Boarland 
and McOmie, 1951; 3 . 5 g), ~-butylamine (10 ml) , and 
ethanol (925 ml) were heated under reflux for 3 h r . The 
cooled mixture was added to 2N-sodium hydroxide. 
Extraction with ether gave the pyrimidine (0 .5 g) m.p. 
143 0 (from cyclohexane) . (Found: C, 63.4; H , 8.8; 
N,27 . 8 . 
1,6-Dihydro-l,4- dimethyl-6-oxopyrimidine 
4-Hydroxy-6-methylpyrimidine (Marshall and Walker, 
1951; 1 . 0 g), and methyl iodide (2.0 ml) were added to a 
solution of potassium hydroxide (0.7 g) in methanol 
(100 ml) . After heating under reflux for 2 h r . , the 
solution was concentrated to 15 ml and placed on an 
alumina column. Elution with ethyl acetate and 
* With Dr R.V. Foster. 
evaporation gave the oxopyrimid ine (0 .62 g) , m. p . 8 2 0 
(cf. Marshall and Walker, 1951) (Found ~ C , 58 . 49 
H, 6 .7; N, 22.4. C6H8N20 requires C , 58.1; H , 6.5 ; 
N, 22. 6%) . 
1,2-Dihydro-l,4(and 1,6)-dimethyl-2- oxopyrimidine 
1,2-Dihydro-l,6-dimethyl - 4-methylthio- 2 -
oxopyrimidine (Wheeler and McFarland, 1909 ; 1 .5 g) was 
boiled for 2 hr, with Raney nickel (ca 8 g) in water 
(50 ml). The filtered solution was saturated with 
sodium chloride and continuously extracted with 
chloroform for 24 hr. Evaporation of the extract gave 
an oily residue which was recrystallized from benzene-
cyclohexane and then sublimed (70 0 /1. ° mm.). The 
hygroscopic oxopyrimidine (30%) had m.p. 89-90 0 
(Found: C, 57.7; H, 6.5; N, 22.6. C6H8N20 requires 
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C, 58.05; H, 6.5; N, 22 .6%). The picrate had m.p. 213 0 
(Found: C, 41.2; H, 3.1; N, 19.9. C12HIIN508 requires 
C, 40.8; H, 3.1; N, 19.8%). Th's oxopyrimidine is made 
more easily by an ambiguous primary synthesis described 
by Brown and Paddon-Row (1967). 
The isomeric 1,2-dihYdro-l,4-dime thyl-2-oxo-
pyrimidine (Brown and Foster, 1966) gave a picrate , m.p. 
159
0 (Found: C, 40.8; H, 3.0; N, 20.0. C12HIIN508 
requires C, 40.8; H, 3.1; N, 19 .8%). 
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1,2-Dihydro-l,5-dimethyl-2- oxopyrimidine 
N-Methylurea (0.32 g), ethanol (3 .0 ml) , 10N-
hydrochloric acid (2.0 ml), and 1,1 ,3,3-tetraethoxy-2 -
methylpropane (Protopopova, Klimko, and Skoldinov , 1959; 
1.0 g), when shaken for a few minutes, formed a semi-
solid mass. Volatiles were removed under reduced 
pressure on the steam bath and the residue was 
recrystallized from 95% ethanol to give the 
oxopyrimidine hydrochloride (72%), decomposing above 
(Found: C, 45.3; H, 5.6; N, 17.6. 
requires C, 45.1; H, 5.6; N, 17.5%). The salt (0. 23 g) 
in water (2 ml) was made alkaline with sodium carbonate . 
Extraction with chloroform afforded the base, m.p. 1320 
(from ethyl acetate) . (Found: C, 58.0; H, 6.4; N, 22.5. 
picrate (from ethanol) had m.p. 158-159 0 (Found : 
41.0; H, 3.25; N, 19.9. 
H, 3.1; N, 19.8%). 
1,6-Dihydro-l,5-d imethyl-6-o x opyrim idine a n d _its 
1,4-dihydro-4-oxo-isomer 
(i) 2-Ethylthio-l,6-dihydro-l ,5-dimethyl-6 -
oxopyrimidine (Johnson and Clapp, 1908; Wittenberg, 
19 66 ; 0.8 g), Raney nickel (ca 3 g), and 95% ethanol 
(30 ml) were refluxed for 2 hr. The filte red solution 
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was evaporated and the residue e xtracted with boiling 
light petroleum (b.p. 60_80 0 ; 5 x 50 ml). Removal of 
solvent gave the hygroscopic 6-oxopyrimidine (0. 3 g) , 
m.p. 59 0 (from ethyl acetate) (Found : C, 57.7; H , 6.5; 
N, 22.3. C6H8N2 0 requires C, 58.05; H, 6 . 5; N , 22.6%). 
(ii) 4-Hydroxy-5-methylpyrimidine (Vanderhaeghe 
and Claesen, 1957; 2.7 g) in methanol (50 ml) were 
heated on the steam bath for 2 hr. Evaporation, 
extraction of the residue with boiling ethyl acetate 
(5 x 50 ml), concentration to 30 ml, and refrigeration 
gave the 4-oxo-isomer (0.1 g), m.p. 140-141 0 (from 
methanol-ethyl acetate) (Found : C, 58.1; H , 6.3; 
N, 22.5%). The filtrate was evaporated to dryne ss and 
the residue was recrystallized from light petroleum to 
glve the 6-oxopyrimidine (1.5 g), identified by mixed 
m.p. with the authentic specimen above. 
(iii) 4-Methoxy-5-methylpyrimidine (1.0 g) and 
triethylamine (4.0 g) were heated in a sealed tube at 
1700 for 4 days. An ethanolic solution of the reaction 
mixture, from which the amine had been evaporated, was 
poured on to an alumina column to adsorb the solutes. 
E lution with ethyl acetate gave unc hanged 
methoxypyrimidine, the 6-oxopyrimidine (m.p. 59 0 ) , and 
finally the 4-oxopyrimidine (ca 0.04 g), identified with 
authentic material (above) by its ultraviolet spectrum. 
l-Ethyl-l,2-dihydro-5(and 6)-methyl-2-oxopyrimidine 
N-Ethylurea (2.2 g), ethanol (10 ml) , 10N -
89 
hydrochloric acid (5.0 ml), and 1,1, 3,3 - tetraetho xy-2-
methylpropane (Protopopova, Klimko , and Skold inov, 1959 ; 
5.85 g) were warmed at 60 0 for 1 hr. Afte r standing 
overnight, the mixture was evaporated to dryness under 
reduced pressure. The residue was dissolved in dilute 
sodium carbonate solution (ca 25 ml) and adusted to pH 5 
with dilute sulphuric acid. Constant extraction with 
chloroform for 24 hr., followed by evaporation of the 
extract, gave the 5-methyloxopyrimidine (59%) , m.p. 85 0 
(from ethyl acetate-cyclohexane) (Found : C, 60.5; 
H, 7.5; N, 20.5. C7HION2 0 requires C, 60.85 ; H, 7.3 9 
N, 20.3%). 
N-Ethylurea (2.6 g), ethanol (15 ml), 10N -
hydrochloric acid (5 ml) and 1,1-dimethyoxybutan-3-one 
(4.0 g) were allowed to stand for 24 h r. at 25 0 . The 
resulting 6-methyloxopyrimidine hydrochloride (1.8 g ) 
had m.p. 303 0 (Found: C, 48.1; H, 6.5; N , 15.9 . 
C7HIICIN 2 0 requires C, 48.2; H , 6 .4 ; N, 16.0%). After 
adding this salt to aqueous sodium h ydroxide , chloroform 
extraction gave the base m.p. °98-99 0 (from ethyl 
acetate) . (Found: C, 60 . 9; H, 7 . 5. C
7
HION2 0 requires 
C, 60.85; H, 7.3%). 
l-Ethyl-l,2-dihydro-4-methyl-2-oxopyrimidine 
2-Hydroxy-4-methylpyrimidine hydrochloride 
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(Burness, 1956; 3.9 g) was added to a solution of sodium 
hydroxide (3.25 g) in ethanol (25 ml). Ethyl iodide 
(18 g) was added and the mixture was heated under reflux 
for 3 hr. Volatiles were recovered and the residue 
dissolved in water. Continuous chloroform extraction , 
evaporation, and vacuum sublimation of the residue gave 
the low melting and very hygroscopic oxopyrimidine 
(ca 20%) . (Found: N, 2 0 .15. 
5-Bromo-l-ethyl-l,2-dihydro-2-oxopyrimidine 
5-Bromo-2-hydroxypyrimidine (Crosby and Berthold , 
1960; 2.0 g) and ethyl iodide (2.0 ml) were added to a 
solution of sodium hydroxide (0.50 g) in ethanol (130 
ml). After heating under reflux for 3 hr, volatiles 
were removed in vacuo. A chloroform extract of the 
residue was concentrated to ca 10 ml and poured on to an 
alumina column . Elution with ethyl acetate and 
evaporation gave the bromo-oxopyrimidine (1.3 g) , m. p. 
149-1500 (Found: C, 35.7; H, 3. 4 5; N, 14 . 0 . C6H7 BrN2 0 
requires C, 35 . 5; H, 3 .45; N, 13 . 8%). 
5-Bromo-l,6-dihydro-l-methyl-6-oxopyrimidine 
(i) N-Bromosuccinimide (1.7 g), 1,6-dihydro-l-
methyl-6-oxopyrimidine (Brown, Hoerger, and Ma s on , 1955 ; 
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1.0 g), benzoyl peroxide (0.05 g), and chloroform (25 
ml) were heated under reflux with stirring for 4 hr. 
The next morning the solution was filtered and 
evaporated. The residue was recrystallized from ethanol 
to give the bromopyrimidine (0.5 g), m.p. 158 0 
undepressed on admixture with analysed material made by 
methylation (Brown and Foster, 1966). 
(ii) 5-Bromo-4-methoxypyrimidine (Brown and 
Foster, 1966b; 0.5 g) and triethylamine (1.0 g) were 
o 
sealed and heated at 100 for 1 week. The reaction 
mixture was recrystallized from light petroleum to give 
material identical with the above (mixed m.p.). 
1,6-Dihydro-l-methyl-5-nitro-6-oxopyrimidine 
4-Methoxy-5-nitropyrimidine (see below) was heated 
in a o sealed tube at 98 for a week. Recrystallization 
of the mixture six times from benzene-light petroleum 
gave the oxopyrimidine (16%), m.p. 101-1020 (Found: 
C, 38.6; H, 3.4. 
4-Amino-6-hydrazino-5-nitropyrimidine 
4-Amino-6-chloro-5-nitropyrimidine (Boon, Jones, 
and Ramage, 1951; 5.0 g) and 98% hydrazine hydrate 
(3.0 ml) in ethanol (200 ml) were heated under reflux 
for 2 hr. The resulting solid was washed with ethanol and 
recrystallized from water to give the hydrazinopyrimidine 
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(3.5 g) as yellow needles , m.p. 199 0 (Found : C 9 28. 1 ; 
H, 3.6; N, 49.3. C4 H6N6 0 2 requires C , 28 . 25, H 9 3.6 ; 
,49. 4%). Treatment with aqueous ethanolic h drogen 
chloride gave the hydrochloride hydrate , m.p. 3 00 0 
(Found: C, 21.7; H, 3.8; N, 36.7. C4H9 CIN 60 3 requires 
C, 21.4; H, 4.0; N, 37. 4%). 
4-Amino-5-n itropyrimidine 
(,i) The above hydrazinopyrimidine (2.0 g) was 
heated and stirred under reflux with silver acetate 
(8.8 g) in water (100 ml) for 2 hr. Nitrogen was 
evolved and silver was precipitated. The mixture was 
filtered while hot and the filtrate and aqueous washings 
were made alkaline with ammonium hydroxide. Evaporation 
under reduced pressure to ~ 20 ml and subsequent 
refrigeration gave the aminonitropyrimidine (68%) , m.p. 
212-2140 , after sublimation (98 0 /0.05 mm.) or 
recrystallization from ethanol (Found : C , 3 4 .0, 
H, 3.15; N, 39.6. 
N, 40.0%). 
(ii) Oxidation on the same scale with hot aqueous 
10% cupric sulphate pentahydrate (50 ml) and subsequent 
removal of copper ion as sulphide, eventuall gave a 5% 
yield of aminoni tropyrimidine . 
(iii) 4-Methoxy-S-nitropyrimidine (see below ; 
0.10 g) and concentrated ammonium hydroxide (1 0 ml) 
were warmed on the steam bath for a few minutes and 
evaporated to dryness. The residual aminonitro-
pyrimidine (0.03 g) was identified with the above 
material by mixed m.p. and infrared spectra . 
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4-Amino-6-hydrazino-2-methyl-S-nitropyrimidine 
4-Amino-6-chloro-2 - methyl-S-nitropyrimidine (Boon , 
Jones, and Ramage, 19S1; 2.0 g) was converted as above 
into the hydrazinomethylpyrimidine (1.4 g), m.p . 2S2° 
(from methoxyethanol) (Found: C , 32.4; H , 4.3S; N , 4S.S. 
CSH8N602 requires C, 32.6 ; H, 4.4; N, 4S . 6%). 
4-Amino-2-me thyl-S-nitropyrimidine 
The above hydrazino derivative ( 2 .0 g) was stirred 
under reflux with silver acetate (10.6 g) in boiling 
water (100 ml) for 2 hr. The filtrate was treated with 
hydrochloric acid until no further silver choride 
precipitated and was t hen refiltered. Addition of 
ammonium hydroxide and finishing as above gave the 
pyrimidine (20%) m.p. 277-278 0 , after sublima ion 
(9 °lo.os mrn.) or recrystallization from ethanol 
(Found: C, 38.6S; H , 4.0; H, 36 .oS . CSH6N40 2 r equi r e s 
C, 38 . 9S; H , 3 . 9; N, 36 . 4%). Cupric sulpha 0 ida t ion 
gave a 16% yield. 
4,6-Di chloro-5- n itro-2-styrylpyrimidine* 
4,6-Dihydroxy-5-nitro-2-styrylpyrimidine (Brown , 
England, and Lyall, 1966; 2.4 g), phosphoryl chloride 
(10.0 ml), and NN-diethylaniline (4.0 ml) were refluxed 
for 1 hr. The cooled mixture was added to crushed i ce 
and the solid product was removed. The filtrate was 
extracted with ether and the extract was evaporated to 
give more product. The combined crude material 
recrystallized from ether to give yellow needles of the 
dichloropyrimidine (2.4 g), m.p. 169-170 0 (Found : C , 
48.7; H, 2 .4; N, 14.2. 
H, 2 .4; N, 14.2%). 
4-Amino-6-chloro-5-nitro-2-styrylpyrimidine* 
Methanolic ammonia (2.0 ml), o saturated at 25 , and 
subsequently diluted to 5.0 ml was added in drops to a 
stirred suspension of the above dichlor opyrimidine 
(1.7 g) in ether (20 ml) at room temperature . Afte r 
2 hr. the solid was removed and washed with ethyl 
acetate and then ether. The filtrate and washings we r e 
evaporated to dryness giving the aminochloropyrimidine 
(1.3 g), m.p. 196-198 0 (from ether) (Found : C , 52 . 1 ; 
* With Dr M.E.C. Biffin. 
H, 3.1; N, 20.2 . 
N, 20.2%). 
4 .-o;:Amino- 6-hydrazino-5-ni tro-2- s tyrylpyrimidine* 
, 
The above aminochloropyrimidine (1.0 g) and 98% 
hydrazine hydrate (1.0 g) were stirred in refluxing 
ethanol (100 ml) for 1 hr. The resulting 
hydrazinostyrylpyrimidine (0.53 g) had m.p. 212-2140 
(from ethanol) (Found: C, 52.95; H, 4.4; N, 30.75. 
C12H12N602 requires C, 52.9; H, 4.4; N, 30.9%). The 
hydrochloride hydrate formed pale-yellow needle s (from 
95 
dilute hydrochloric acid), m.p. 194-1970 (Found: 44. 2; 
H, 4. 6; N, 25. 2 . 
N, 25 . 7%) . 
4-Amino-5-nitro-2-styrylpyrimidine* 
(i) The above hydrazino derivative (1.0 g) and 
silver acetate (3.8 g) were stirred in boiling water 
(50 ml) for 2 hr. The solid was extracted by ethanol in 
a Soxhlet apparatus. Evaporation of the extract, and 
subsequent recrystallization of the residue f r om 
methanol gave a produc t ( 2 1%) identical with the 
styrylpyrimidine below in m.p., infrared spec rum, and 
pap r chromatography. 
* With Dr. M.E.C. Biffin . 
(ii) 4-Amino-2-methyl-5-nit ropyrimidine (0.44 g , 
benzaldehyde (4.0 ml) and piperidine (2.0 ml) were 
heated at 95 0 for 90 min. and then at 1500 fo r 15 min . 
The cooled mixture was diluted with methanol (10 ml) 
and ether (10 ml). Refrigeration gave the 
styrylpyrimidine (0.48 g), m.p. 227 0 (from methanol) 
(Found: C, 59.4; H, 4.25; N, 23.15. C12HION40 2 requires 
C, 59.55; H, 4.1; N, 23.1%). 
4-Hydrazino-6-methoxy-5-n itropyrimidine 
A solution of 98% hydrazine hydrate (2 . 7 ml) in 95% 
ethanol (50 ml) was added dropwise to a stirred solution 
of 4-chloro-6-methoxy-5-nitropyrimidine (Tayl or, Barton , 
and Paudler, 1961; 5.0 g) in 95% ethanol (200 ml) 
maintained at _8 0 . After 30 min. the yellow 
hydrazinopyrimidine (3.6 g) was filtered off and 
recrystallized from 95% ethanol. It decomposed about 
154-155 0 when the bath was preheated to 140 0 (Found ~ 
C, 32.3; H, 4.0; N, 37.8. C
5
H
7
N
5
0
3 
requires C, 32 04 ; 
H, 3.8; N, 37.8%). 
When 4,6-dimethoxy-5-nit ropyrimidine was treated 
similarly at 25 0 with only 1 mole of h ydrazine hydrate 
in ethanol or tetrahydrofuran, the only product isolated 
was 4,6-dihydrazino-5-nitropyrimidine, m.p. 2 00 0 
(Krakov and Christensen, 1963, give 2 0 3 0 ) . 
4-Methoxy-S-nitropyrimidine 
The above hydrazino derivative (1.55 g) , silver 
oxide (6.0 g), and anhydrous methanol (JSO ml) were 
stirred at ~ 25 0 for 2 hr. The oily residue from 
evaporation under reduced pressure was extracted with 
boiling light petroleum (b.p. 60_80 0 , 4 x 100 ml) and 
concentration gave colorless methoxynitropyrimidine 
(62%), m. p. J9-40 0 (from light petroleum) (Found : 
C, J8.9; H, J.4; N, 26.7. CSHSNJOJ requires C, J8.7; 
H, J . 2S; N, 27.1%). 
S-Amino-4-methoxyPyrimidine 
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The above nitropyrimidine (O.lJ g) was h ydrogenated 
at atmospheric pressure in methanol over Rane y nickel. 
The filtered solution was evaporated to dryness and the 
residue was recrystallized from light petroleum (b.p . 
40_60 0 ) to give the S-amino derivative (67%) , m.p. 
71-7J
o (cf. Marchal, Promel, Martin, and Car don , 1960 ~ 
m.p. 61-6J o) (Found : C, 47.6, H, 5 . 6; N, JJ .4 . Calc . 
for CSH7NJO: C , 48.0; H, 5 . 6; N, JJ.6%). 
4-t-Butylamino-S-nitropyrimidine 
4-Methoxy-S-nitropyrimidine (1.90 g), ! - butylamine 
(2.0 ml), and methanol (50 ml) were refluxed for J hr. 
The residue from evaporating the methanol in va uo gave 
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some crystalline material on refri g e r a ti on . This was 
removed and distillation of the fil trate gav e t h e 
t-butylaminopyrimidine (90%), b . p. 80 - 83 % e2 mm. a n d 
m.p. 340 (Found: C, 48.8; H, 6.2 ; N, 28. 2. C8H1 2N40 2 
requires C, 49.0; H, 6 . 2; N, 28 . 55%). The picrate ? had 
m.p. 132-1340 (from 95% ethanol) (Found : C , 39.5 ; 
H, 3.55; N, 23.05. C14H15N709 requires C , 39 . 85 ; 
H, 3.7; N, 22.6%). 
5-Nitropyrimidine 
Finely ground 4,6-dihydrazino-5-nitropyrimidine 
(see below; 2 .4 g) and silver oxide (10.0 g) we r e 
stirred in anhydrous methanol (1000 ml) at ~ 45 0 fo r 
1 hr. The filtered solution was evaporated at 3 0° unde r 
reduced pressure and the oily residue was extracted wi t h 
boiling light petroleum (b.p. 60_80°; 3 x 100 ml). 
Evaporation gave 5-nitropyrimidine (31%) , as colour les s 
needles with m.p. 57-58 0 (from light petroleum) 
(Found: C, 38.6; H, 2.5; N, 33.95. C4H3 N3 0 2 r e qui r e s 
C, 38 .4; H, 2.4; N, 33.6%). 
5-Am inopyrimidine 
5-Nitropyrimidine (0.25 g) wa s hydr o gena ed in 
methanol over Raney nickel ( c a 0. 2 g). Evaporation of 
the filtrate and recrystalliza t ion of t he residue from 
99 
benzene gave 5-aminopyrimidine (79%), m.p . 1670 , 
identified with authentic material (Whittaker, 1951) by 
mixed m.p. and infrared spectra . 
4,6-Dihydrazino-2-methyl-5-nitropyrimidine 
A solution of 4,6-dichloro-2-methyl-5-nitro-
pyrimidine (Albert, Brown, and Wood, 1954; 2 .0 g) in 
ethanol (50 ml) was added slowly to a hot stirred 
solution of 98% hydrazine hydrate (4.0 g) in ethanol 
(50 ml). After refluxing for 1 hr. the solution was 
refrigerated. The resulting solid afforded the orange 
coloured dihydrazino-compound (1.0 g), m.p. 198 0 (from 
water) (Found: C, 30.0; H, 4.7; N, 48.7. C
5
H
9
N
7
0 2 
requires C, 30.1; H, 4.55; N, 49.2%). 
2-Methyl-5-nit ropyrimidine 
4,6-Dihydrazino-2-methyl-5-nitropyrimidine (0.45 g), 
silver oxide (4.2 g), and methanol (25 ml) were stirred 
at 40_45 0 for 2 hr. Isolation as above gave the 
methylnitropyrimidine (25%), m.p. 59-60 0 (from light 
petroleum) (Found: C, 43.45; H, 3.7; N, 29.9. 
C5
H5 302 requires C, 43.2; H, 3.6; N, 30.2%). 
2-Benzyl-4,6-dihydroxypyrimidine* 
Ethyl phenylacetate (60.3 g) and malondiamide 
(25.0 g) were refluxed for 2 hr. in ethanolic sodium 
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ethoxide (500 ml; from 28.2 g sodium). The sodium salt 
of 2-carbamoylmethyl-4 r 6-dihydroxypyrimidine (Brown, 
1956) was filtered from the chilled mixture, and the 
residue from evaporating the filtrate was dissolved in 
water (350 ml). Adjustment to pH 2 gave the 2-benzyl-
pyrimidine (10.7 g), m.p. 313-3140 (decomp.) (from 
ethanol) (Found: C, 65.3; H, 5.1; N, 13.7. 
requires C, 65.3; H, 5.0; N, 13.9%). 
2-Benzyl-4,6-dihydroxy-5-nitropyrimidine* 
The above pyrimidine ' (5.0 g) was added in portions 
to a stirred mixture of nitric acid (d 1.5; 10 ml) and 
acetic acid (25 ml) at 0 0 . After 15 min. the mixture 
was added to ice, and recrystallization of the resulting 
solid from water gave the yellow nitropyrimidine (4.0 g), 
m.p. 2540 (decomp.) (Found: C, 53.7; H, 3.6. 
CIIH9N304 requires C, 53.4; H, 3.7%). 
2-Benzyl-4,6-dichloro-5-nitropyrimidine* 
The above dihydroxynitropyrimidine (3.4 g), 
phosphoryl chloride (17 ml), and diethylaniline (3.4 ml) 
* With Dr M.E.C. Biffin. 
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were refluxed for 2 hr. The cooled mixture was poured 
into crushed ice, and after stirring for 20 min., the 
mixture was extracted with ether. Distillation gave the 
dichloropyrimidine, (J.l g), b.p. 117-119 0 /0.05 mm.and 
(Found: C, 46.7; H, 2.7; N, 14 .5 . 
2-Benzyl-4,6-dihydrazino-5-n itropyrimidine* 
Prepared as its 2-methyl homologue above, the 
benzyldihydrazinopyrimidine (66%) had m.p. 170-171 0 
(from ethanol) (Found: C, 48.1; H, 4.7; N, J5.4. 
CIIHIJN702 requires C, 48.0; H, 4.75; N, J5.6%). 
2-benzyl-5-n itropyrimidine 
Treatment of the dihydrazino compound with silver 
oxide as above gave the benzylnitropyrimidine (1 2% ), 
m.p. 108-109 0 (from light petroleum) . (Found: C, 61.2; 
H, 4 . 4; N, 19.J . CIIH9NJ02 requires C, 61.4; H, 4.29 
N, 19.5%). 
1,2-Dihydro-l-methyl-J,5-Qinitro-2-oxopyridine 
2-Hydroxy-J,5-dinitropyridine (Chichibabin and 
Shapiro, 1921; 1.0 g), potassium hydroxide (0.2 g) and 
methyl iodide (J.O g) in methanol (50 ml) were warmed 
* With Dr M.E.C. Biffin. 
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under refluxed for 5 hr. Removal of the me hanoI a nd 
recrystallization from ethyl acetate gave the 
oxopyridine (0.4 g) 
(Found: C, 35.8; H, 
as feathery crystals , m.p. 177- 178 0 
2.8; N, 21 .1. 
C, 36.2; H, 2.5; N, 21.1%). 
2-Hydroxy-5-phenylpyrimidine 
3-Imino-2-phenylpropionaldehyde (Rupe and Kn up , 
1927; 14.7 g), urea (6.0 g), ION-hydrochloric acid (20 
ml), and absolute ethanol (250 ml) were heated under 
reflux for 3 hr. The solution was neutralized with 
aqueous ammonia and concentrated to 150 mI . 
the hydroxypyrimidine (6.0 g) crystallized . 
On cooling , 
After 
recrystallization from ethanol it had m.p. 237 0 (Rupe 
and Knup gave 237 0 ). The compound was identified by 
its infrared spectrum. 
2-Chloro-5- phenylpyrimidine 
2-Hydroxy-5-phenylpyrimidine (9.5 g) and phosphor 1 
chloride (40 ml) were heated under reflu for 5 hr . 
After the excess of phosphoryl chloride wa re~oved , the 
r sidue was poured onto ice and the solution wa s 
adjusted to pH 8. The precipitate was filte r ed off , a n d 
the f'ltrate was extracted with benzene (3 1 5 0 ml). 
The precipitate and extract were combined nd d r ied over 
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sodium s ulphate. Di s tillation o f the enzen e afforded 
the 2-chloropyrimidine (6.7 g). Recrystal l i zed rom 
benzene-light petroleum it had m.p. 1 22- 1 2 4 0 (Found 0 
C, 63 . 4; H, 3.9; N, 14 . 6 . 
H, 3.5; N, 14 . 7%) . 
2-Methoxy-5-phenylpyrimidine 
2-Chlo r o-5-ph nylpyrimidine (1 . 4 g) wa s added with 
stirring to sodium methoxide solution (0 .2 g s odium, 
25 ml methanol) at room temperature ( 25 0 ). Af t e r 
refluxing for one hour on a ste a m ba t h , the me t h a nol was 
removed by vacuum distillation. The r esidue wa s 
extracted with hot benzene (3 x 100 ml). Di s tilling o f 
the benzene yielded the 2 - methoxypyrimidine (1 .3 g), 
m . p. 73-74 0 (from light petroleum) (Found ~ C , 71 . 1 ; 
H, 5 . 2; N, 15 . 1 . 
N, 15 . 05%) . 
1 , 2-Dihydro-l-methyl -2-~-5 -phenylpyrimidine 
(i) By methylation . 2-Hy d r o x - 5 - phe n ylpyrimidine 
(1 . 0 g), methyl iodide ( 2 . 0 g) , a nd po tas ium h ydro xide 
(0.7 g) in methanol ( 2 0 ml) wer e refl uxed or 3 hr . The 
solu ion was evapor ated to d ryn es , and t h residue was 
0 
dis olv ed in hot ethy l a c e tate . On co;rR- ing t h e 
0 opyr imidine (0.50 g) cry tallize d a nd h ad m.p . 
1 8-1 9
0 (Rupe and Knup , 1 927; g i ve 170 0 ) . 
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(i") By primary synthesis. 3-Imino-2- phenyl -
propionaldehyde (Rupe and Knup, 1927; 19 . 6 g) , N-
methylurea (11.1 g), and ION-hydrochloric acid (80 ml) 
in absolute ethanol (300 ml) were heated under reflux 
for 2 hr . The solution was neutralized, and 
concentrated to 2 00 mI. The oxopyrimidine (9.4 g) 
which precipitated, was filtered off. It was identified 
by infrared spectra and mixed m. p. 
3-Imino-2-p- tolylpropionaldehyde 
a-Formyl-E-tolylacetonitrile (Russell and Hitchings , 
1951; 34 g) was hydrogenated at atmospheric pressure in 
ethanol (400 ml) until the theoretical amount of 
hydrogen (5 . 2 litres) had been absorbed . The Raney 
nickel was removed by filtration, and the filtrate was 
evaporated to dryness . Recrystallization of the 
residue from benzene gave 3- imino-2-p-tolylpropionaldehyde 
(12 g), colourless needles with m.p. 129-131 0 (Found : 
C, 7 4 .7; H, 7 . 0; N, 9 . 0 . CIOHIINO requires C ? 74.5 , 
H, 7 . 0; N, 8.7%). 
p-Tolylmalond" aldehyde 
A mixture of the abo e iminopropionaldehyde (1 2. 0 g), 
o alic acid (6 . 0 g), and water (5 ml) was steam 
di illed. Coppe ace ate (10 g) was added to the 
105 
distillate (800 ml). The precipitate was suspended in a 
small amount of water and made acidic with 
N-hydrochloric acid. Extraction with ether, and 
distillation of the solvent gave p-tolylmalondialdehyde 
(7. 4 g). Recrystallization from benzene afforded 
o 
colourless crystals, m.p. 128-129 
H, 6 . 2. 
2-Hydroxy-5-p-tolylpyrimidine 
(Found ~ C , 74.75 1 
(i) A mixture of p-tolylmalondialdehyde (J . 4J g) 
and urea (1.27 g) was heated at 1400 for 4 hr. 
Recrystallization of the mixture from ethanol gave the 
hydroxypyrimidine (2.5 g) as colourless crystals 9 m . p. 
261-26J o. 
(ii) J-Imino-2-Q-tolylpropionaldehyde (1.2 g), 
urea (1.27 g) and lON -hydrochloric acid (5 ml) in 
ethanol (50 ml) were heated under reflux for 6 hr. The 
solution was concentrated to 2 0 ml and adjusted with 
aqueous ammonia to pH 5. The precipitated 
hydroxypyrimidine (0.7 g) , recrystallized from ethanol , 
Its infrared spectrum was identical 
w·th hat of the compound prepared abo e 
C, 71.1; H 5.J; N, 15.0 . 
H, 5 . 4; N, 15.0%). 
(Found ~ 
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2-Chloro-5-p-tolylpyrimidine 
The hydroxypyrimidine (1.3 g) and phosphoryl 
chloride (25 ml) were he ated under reflu~ for 2 hr. 
After removal of the excess of pho sphoryl hloride the 
mi ture was poured onto ice. The resulting brei was 
neutralized to pH 8 with s odium h ydr oxide , and 
extracted with benzene . Di sti llation of the benzene 
ga e the 2-chloropyrimidine (1.3 g) as c olourless 
crystals, m. p . 163 - 164 0 (from light petr oleum ) (Found ~ 
C, 64 . 9; H, 4 . 6; , 13 .9 . 
H , 4 . 4; N, 13. 7% ) . 
2 Methoxy-5-tolylpyrimidine 
The above chloropyrimidine (1.3 g) and sodium 
methoxide ( 0. 1 g sodium; 30 ml methanol) were warmed on 
a steam bath for 1 hr . The methanolic s olution was 
evaporated to dryness , and the res idue was 
recrystallized from light petroleum. The 
methoxypyrimidine (0 . 73 g) was obtained a colourle 
needles, m. p. 8 2-83 0 (Found ~ C , 71 . 8 9 H , 5.8 ~ N , 14 0 1. 
C1 2H12N20 requires C, 72.0; H , 6.0 , N, 14. 0%) . 
1, 2 -Dihydro - l-methyl -2 -~-5_p tolylpyrimidine 
The above hydroxypyrimidine (0.57 g) , potassium 
hydro ide (0 .56 g) , and methyl iodide (1 . 4 g) in 
me hanoI (50 ml) were hea ed under reflu - fo r 2 hr. The 
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methanol was recovered by distillation , and the residue 
recrystallized from ethyl acetate. The oxopyrimidine 
(O.JO g) was obtained as colouyless crystals, m.p. 1940 
(Found: C, 71.8; H, 5 . 95; N , IJ.8. C1 2H1 2N20 re quires 
C, 72.0; H, 6 .0; N, 14.0%). 
2-Methoxy-5-p-nitrophenylpyrimidine 
Potassium nitrate (O.JO g) was added with stirring 
to a solution of 2-methoxy-5-phenylpyrimidine (0.50 g ) 
in sulphuric acid (16 ml) at 0 ~ 50. After the 
addition was complete, the temperature was allowed to 
rise spontaneously to 21 0 and stirring was continued 
for one hour. The solution was poured onto ice (100 g), 
and adjusted to pH J.s with sodium hydroxide. The 
precipitate was dissolved in hot ethyl a cetate and the 
methoxynitropyrimidine (0.50 g) crystallized as light 
yellow needles, m.p. 214-2160 (Found: C, 56 .9 ; H, 4 .0 ; 
N, 18.2. CIIH9NJ O requires C, 57.1; H, J.9; N, 18.2%). 
2-Hydroxy-5-p-nitrophenylpyrimidine 
(i) By hydrolysis. When the filtrate in the above 
preparation was adjus t ed to pH 1, the hydroxypyrimidine 
(0.1 g ) precipitated. Re crystalli zation from 10% 
aqueous ethanol gave pure light - ye llow c ys als, m.p . 
J05° (decomp.). 
(ii) By nitration. Nitrated as was the 
methoxyphenylpyrimidine (above) , 2-hydroxy-5-pheny l-
pyrimidine gave its E-nitro derivative (80%). The 
compound was identified by infrared spectra and mixed 
m.p. (Found: C, 55.1; H, 3.3;, N, 19.5. 
requires C, 55.3; H, 3.25; N, 19.35%). 
1,2-Dihydro-l-methyl-5-p-nitrophenyl-2_oxopyrimidine 
(i) By methylation. The hydroxynitrophenyl-
pyrimidine (0.20 g) and methyl iodide (0.43 g) were 
added to methanolic potassium hydroxide (0.155 g 
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potassium hydroxide in 150 ml methanol), and warmed 
under reflux for 6 hr. Evaporation of the solution to 
dryness, and recrystallization of the residue from 
ethyl acetate gave the oxopyrimidine (0.20 g) as yellow 
crystals, m.p. 250- 252 0 (decomp.) (Found: C, 56.9; 
H, 4.1; N, 18.3. CIOH7N303 requires C, 57.1; H , 3.9; 
, 18.2%). 
(ii) By nitration. itration of 1, 2-dihydro-l-
methy1-2-oxo-5-phenylpyrimidine as above yielded the 
same product (80%). It was identified by infrared 
spectra and mixed m.p. 
5-p-Chlorophenyl-2-hydroxypyrimidine and 2-p-
chlorophenyl-3-iminopropionaldehyde 
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Q-p-Chlorophenyl-Q-formylacetonitrile (Russell and 
Hitchings, 1951; 29 . 6 g) and Raney nickel (30 g, wet) in 
ethanol (400 ml) were hydrogenated at atmosphe r ic 
pressure until one molar proportion of hydrogen (4 
liters) h a d been absorbed. Recovery of ethanol gave 
crude 2 - p - chlorophenyl-3- iminopropionaldehyde (29.9 g) 
as an oil . It was added, to a solution of urea (9.9 g) 
in ethanol ( 300 ml) containing 10 - hydrochloric acid 
(30 ml) . After refluxing for 5 hr . The solution was 
cooled and adjusted to pH 4. The resulting 
hydroxypyrimidine (17 . 7 g) was recrystallized from 
ethanol and had m. p . 3040 (decomp.) (Found: C, 5 8 .3; 
H, 3 . 4 ; N, 13 . 55 . 
N, 1 3. 55%) . 
2-Chloro-5 - p - chloro phenylpyrimidine 
The hydroxypyrimidine (6 g) and phosphoryl 
chloride (100 ml) were heated under reflux for 2 hr. 
fter distilling off the excess of phosphoryl chlor ide , 
the residue was added to ice and the brei adjust ed t o 
pH 8 . E traction with ethyl acetate (2 100 ml) and 
evaporation gave the chloropyrimidine (5.4 g ), m.p. 
(Found : C, 53.5, H, 2 . 9; 12.4. 
C10H6 C1 2 2 requires C, 53 .35 ; H, 2.7; , 12.45%). 
5-p-Chlorophenyl-2-methoxy pyrimidine 
Methoxylation of the chloropyrimidine (as it 
tolyl analogue) yielded the methoxypyrimidine (9 0%), 
m.p. 119 0 (Found: C, 59.6; H, 4.0 ; ,13.0. 
CllH9 C1N 2 0 requires C, 59.9; H, 4.1; N, 1 3 .0%). 
5-p-Chlorophenyl-l,2-dihydro-l-methyl-2-oxopyrimidine 
The above methoxypyrimidine (0.4 g ) and 
triethylamine (0.4 g) were heated at 1300 for 26 hr. 
110 
Recrystallization separated the oxopyrimidine (0.1 g) 
from some unchanged methoxypyrimidine (0.3 g). The 
former had m.p. 189-191 0 (from ethyl acetate) , and its 
identity was confirmed by its p.m.r. spectrum (Found ~ 
C, 59.7; H, 4.1; N, 13.0. CIIH9
C1N 2 0 requires C, 59 . 7; 
H, 4.1; N, 12.7%). 
a-p-Bromophenyl-a-formylacetonitrile 
An ethereal solution (350 ml) of E -bromobenzyl 
cyanide (Jackson and Lowery, 1 881; 110. 6 g) and eth 'I 
forma e (41.5 g ) was added with stirring to a suspension 
of sodium chips (12.9 g) in e her (800 ml) during 3 hr. 
III 
Alter stirring or 4 8 hr. the suspension wa s ilter ed. 
The s olod was dissolved in water and neutralized with 
hydrochloric acid. The resuling formylacetonit rile 
(98 g) recrystallized from ethanol as colourless 
plates, m.p. 164-1660 (Found: C , 48.4 ; H , 2.7; 
, 6 .45. C9H6BrNO requires C, 48 .2; H, 2.7; N, 6 . 25% ). 
2-p-Bromophenyl-3- iminopropionaldehyde 
a-p-Bromophenyl-a-formylacetonitrile (34. 8 g) was 
hydrogenated over Raney nickel (30 g, wet) in ethanol 
(500 ml). Evaporation of the filtered solution and 
. 
recrystallization of the residue from ethyl acetate gave 
the iminopropionaldehyde (8.5 g) as colourless crystals, 
o 
m.p. 121-122 (Found: C, 48.0; H, 3.4; N, 5.9. 
C9H8 BrNO requires C, 47.8; H, 3.6; N, 6.2%). 
5-p-Bromophenyl-2-hydroxypyrimidine 
The iminoaldehyde (6.1 g), urea (1.6 g), and 10N-
hydrochloric acid (10 ml) were r efluxed for 12 hr. 
1v orked up as its chloro isologue, the hydroxypyrimidine 
(4.1 g), had m.p. > 27 0 0 (decomp.) (Found: C, 47.85; 
H, 2 . 9; , 11.1. 
N, 11.15%). 
r 
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5-p-Bromophenyl-2-chloropyrimidine 
The hydro ypyrimidine (4 . 1 g) and pho s pho y 1 
chloride (10 ml) were refluxed for 6 h . Wo r ked up as 
were its analogues, the chloropyrimidine ( 2 .9 g ) h a d 
m.p. 214 - 215 0 (sublimed) (Found: C, 44 . 6, H, 2 .4; 
N, 10.3. CIOH6BrCIN 2 requires C, 44.6; H , 2 . 2;, 
N, 10.4%). 
5-p-Bromophenyl-2 -me thoxypyrimidine 
The above chloropyrimidine (2.0 g) was added t o 
sodium methoxide solution (0.2 g sodium; 30 ml methan o l ) , 
and then treated as the tolyl analogue. The 
methoxypyrimidine (1. 8 g) crystallized from light 
petroleum as long plates, m. p . 109-1100 (Found : 
C, 49.7; H, 3. 6 ; N, 10.5. CIIH9
BrN 2 0 requires C, 49 .9 , 
H, 3.4; N , 10.5%). 
5-p- Bromophenyl-l,2-dihydro-l-methyl-2-oxopyrimidine 
The methoxypyrimidine (0.20 g) and trie t h y lamine 
(0.20 g) were heated in a sealed tube at 150 0 fo r 1 2 h r . 
The oxopyrimidine (0.08 g), m.p. 199-2 00 0 , wa s pur i fied 
from unchanged methoxypyrimidine by re crys t all izati on 
rom ethyl acetate (charcoal) (Found: C , 
,10.45. CIIH9 Br 2 0 requires C, 49.9; H 
, 10 . 5%) . 
5 0.0 ; H, 3.4; 
3. 4 ; 
• 
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5-p-Aminophenyl-2-methoxypyrimidine 
2-Methoxy-5-£-nitrophenylpyrimidine (1.2 g), Rane y 
nickel (2 g, wet) and methanol (400 ml) were shaken in a 
hydrogen atmosphere until the theoretical amount of 
hydrogen (122 ml) had been absorb ed. The mixture was 
filtered, and concentration of the filtrate to 10 ml 
followed by refrigeration gave the aminophenylpyrimidine 
(0.6 g), m.p. 184-1860 (from ethanol) (Found~ C, 65.4; 
H, 5.7. CIIHIINJO requires C, 65 . 7; H, 5.5%). 
5-p-Aminophenyl-l,2-dihydro-l-methyl-2-oxopyrimidine 
1,2-Dihydro-l-methyl-5-£-nitrophenyl-2-oxopyrimidine 
(5.5 g), Raney nickel (10 g, wet), and methanol (500 m1) 
were hydrogenated as above. The aminophenyloxo p yrimidine 
(J.6 g ) had m.p. 285 0 (decomp.) (Found: C, 65 . 7; 
H, 5 .7; N, 20 .7. CIIHIINJO requires C , 65 . 7; H, 5 . 5; 
, 20 . 9%) . 
J-Imino-2-p-methoxyphenylpr opionaldehyde 
a-Formy l-a-£-metho yphenylacetonitrile (Russell and 
Hitchings, 1951' 28 g), Raney nickel (20 g), and ethanol 
(200 ml) were hydrogenated. The resulting 
iminomethoxyphenylpropionaldehyde (lJ g), rec t allized 
o from benzene, had m.p. 117-119 (Found: C , 68.15; 
• 
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H, 6 .1; N , 7 . 8 . 
, 7 . 9%). 
2-Hydroxy- 5-p-methoxyphenylpyrimidine 
The iminoaldehyde (1.77 g), urea (0 06 0 g), and 
10 -hydrochloric acid (5 ml) in absolute ethanol 50 ml) 
were heated under reflux f or 4 hr. Afte neutralization, 
recrystallization from ethanol (charcoal) gave light 
yellow crystals, m.p. 246_248 0 (Found: C , 65 .05; 
H, 5.0; N, 13.6. CIIHION202 requires C, 65 .3 ; H, 5 .0 ; 
, 13.9%). 
2-Chloro-5-p-methoxyphenylpyrimidine 
The above hydroxypyrimidine (301 g ) and phosphoryl 
chloride (15 ml) were refluxed for 1.5 hr. Worked up 
in the same way as its tolyl analogue, the colourless 
chloropyrimidine (2.7 g) had m.p. 128 - 129 0 (from light 
petroleum) (Found: C, 59.8; H, 4.2; N, 12.9. 
C1IH9 Cl 2 0 requires C, 59.9; H, 4.1; N, 12.7%) . 
2 -methoxy-5-p-me thoxypheny lpyrimidine 
A sodium methoxide solution (0.23 g sod·um ; 10 ml 
methanol) was added t o a s irred solution of 
chloromethoxyphenylpyrimidine (1 . 6 g) in methanol 
• 
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(10 ml) and warmed on a steam bath or 1 hr. 
Distillation of the methanol and recrystallization gave 
the colourless methoxypyrimidine (1 . 5 g ), m.p . 1 22 0 
(Found: C, 66 . 6; H, 5.5; N, 13.15. 
C, 66 . 65; H, 5.5; N, 13.0%). 
1,2-Dihydro-5-p-methoxyphenyl-l-methyl-2 -oxopyrimidine 
The 2-hydroxy-5-p-methoxyphenylpyrimidine (0 021 g) 
was methylated as was its phenyl analogue. 
Recrystallization from ethy l acetate ga e the 
oxopyrimidine (0.1 g), m.p. 199-2000 (Found ~ C 9 66.8; 
H, 5.6; N, 12.7. 
, 13. 0%) . 
Q-p- N-Dimethylaminophenyl- Q-formylacetonitrile 
A solution of E-NN-dimethylaminobenzylcyanide 
(Borovicka, Sedivy, Jilek, and Protiva, 1955; 39.6 g), 
ethyl formate (25 ml), and ether (50 ml) was d ropped 
Q.W\c). "" "" r,t"1..l l" e 0 t 
into a s tirred solution of ether (100 ml) ,~z..d: sodium o.."c( sodium 
methoxide (7.0 g sodium, 9 ml methanol) during 2 hr. 
The mi ure was stirred for a further 2 4 hr., and 
worked up as was that of its E-bromo analogue. The 
formylacetonitrile (3 6 g ) formed pale-green crystals, 
(Found: C, 7 0 .4; H 6 .4 ; , 14.8 . 
requires C, 70 . 2; H, 6 .4; , 14. 9%) . 
• 
r 
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2-p- N-Dimethylaminophenyl-J-iminopropionaldehyde 
The above formylacetonit ile ( 2 0 g), Rane y nickel 
(20 g, wet), and ethanol (550 ml) were h drogenated . 
The filtrate was concentrated to 150 mI. Re rigeration 
gave the iminopropionaldehyde (9.8 g) in he orm or 
light yellow crystals, m.p . 178-179 0 (Found: C , 69.7; 
H, 7 . 5; 14.5. CIIH14 2 0 requires C , 69.4; H , 7.4; 
, 14. 7%) . 
5-p-N -Dimethylaminophenyl-2-hydroxypyrimidine 
The dimethylaminophenyliminopropioaldehyde (9.8 g), 
urea (J.l g ), ION-hydrochloric acid (20 ml), and 
ethanol (150 ml) were refluxed for J hr. The solution 
was concentrated to 70 ml, and neutralized to pH 6 with 
aqueous ammonia. The precipitate was recrystallized 
from butanol to give the hydroxypyrimidine (1.5 g) as 
yellow needles m.p. 252-25J (decomp.) (Found: C, 67.0; 
H, 6 . 1; ,19.J. C12HIJNJO equires C, 66.95; H , 6.1; 
, 19.5%). 
2-Chloro-5-p- -dimethylaminophenylpyrimidine 
Dimethylaminophen Ihydroxypyrimidine (3.1 g) and 
phosphoryl chloride (15 ml) were heated under reflu for 
2 hr . The ex ess of phosphoryl chloride was distilled 
• 
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off and the residue was added to ice. The solution was 
made alkal"ne and ex racted with ethe (3 x 100 ml). 
Pure chloropyrimidine (2.3 g) was obtained on removal 
of ether, decolourization with active carboTI 9 and 
recrystallization from light pe troleum; it had m.p. 
(Found: C, 61.7; H, 5.05; 
5-p-NN-Dimethylaminophenyl-2-methoxypyrimidine 
The chloropyrimidine (2.5 g) was added to sodium 
methoxide solution (250 ml methanol; 0.5 g sodium), and 
heated under reflux on a steam bath for 1.5 hr. The 
solution was concentrated to one fifth of the initial 
volume, and was then added to water (300 ml). The 
precipitated methoxypyrimidine ( 2. 0 g) was washed with 
water and recrystallization from methanol gave 
o 
colourless plates, m.p. 170 
, 18 . 3 . 
(Found: C , 67 .9; H, 6.5; 
5-p- N-Dimethylaminophenyl-l,2-dihydro-l-methyl-2-
oxopyrimidine 
The dimethylaminophenyliminopropionaldehyde (1 3 g), 
_-methylurea (0 . 51 g ), 10 -hydrochloric acid (5 ml), and 
ethanol (50 ml) were heated under reflu fo 2 hr. The 
solution was made alkaline with aqueous ammonia, and the 
• 
precip"tate was recrystallized from ethanol. The 
oxopyrimidine (1.0 g) had m.p. 284- ?8 S o (Found ~ 
C, 68 . 1; H, 6.6; ,18.2. 
H, 6.6; N, 18.3%). 
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The Effect of 'Catalysts' on the Rate 0 angement 
(i) Mercuric chloride or bromide as a catalyst 
2-Methoxy-S-nitropyridine (Caldwell and Kornfeld , 
1942; 0.05 g) and mercuric chloride or bromide (0.1 g) 
we e heated in xylene (2 ml) unde reflu_ for 3 days . 
The solvent was removed by vacuum distillation , and the 
p.m . r. spectrum of each product was recorded in 
d 6-dimethylsulphoxide (DMSO). The spectra showed that 
the methoxypyridine had not rearranged by heating lvi th 
either of the above mercuric halides. 
Heating of mercuric halides wi h either 2 -metho y-
S-nitropyridine or 2-metho y-4-meth Ipyrimidine without 
o 
solvent at 150 did not give the rearranged product but 
unidentified polymers. 
(ii) Tr"e hylamine as a catalyst 
2-Metho y-S-nitropyridine (0.05 g) and 
tr"ethylamine were heated in a ealed tube a 140 0 for 
16 hr. After cooling and pumping off the trie hylamine, 
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the p. m. r. spectrum of he residue 1vas recorded (in 
The spectrum showed 43% o:f the methoxyp rl dine 
had rearranged to its _-methyl isomer. 
(iii) Methanesulfonic acid as a catalyst 
2-Methoxy-5-nitropyridine (1.0 g) and 
methanesulfonic acid (2 ml.) were heated in an oil bath 
at 140 0 for 16 hr. After cooling, the p .m .r. spect urn 
of the mixture was recorded, and showed that the heated 
methoxypyridine had not rearranged . 
'Cross-Over Migration' Reactions 
4-Methoxypyridine (Haitinger and Lieben , 1885; 
0.1 g) and a molar proportion of 2-ethoxy-5-nitro-
pyrimidine were mixed and heated in a sealed tube at 
170 0 in an oil bath for 3 hr. The reaction mixture was 
analysed by its p.m.r. spectrum (in CDC1
3
) . 
4-Methoxypyridine had completely earranged to 
1,4-dihydro-l-methyl- and l - eth 1-1,4-dihyd o-4- oxo-
pyridine in 1 : 1 molar ra io; the signals from the 
pyrimidine moiety were unresolved. 
" 
l20 
Measurement of Reaction Rates 
Temperature Control 
A water bath controlled with a Braun Thermomix II 
was used for temperatures between lOO and 30 0 with an 
o 
accuracy of + O.l ; a To wnson and Mercer Serie 2 bath, 
filled with glycerol, was used for temperatures between 
70 0 and llOO with a precision of + 0.2 0 ; and for all 
higher temperatures, a Shandon Type WB 20 Ultrathermostat 
ba th, filled wi th Tellus Oil 72 (Shell Co. Ltd.) was used, 
o 
with a precision of + 0.2 . 
Preparation of Reaction Media 
(i) lhen the alkoxypyrimidine (or p ridine) was a 
liquid, the reaction media were prepared by weighing the 
alkoxypyrimidine (or pyridine) (about lO mg) with or 
without a 5 molar proportion of triethylamine in short 
lengths of 'Pyrex' glass tubing of 5 mm.bo re and l mm. 
wall-thickness. The tubes were sealed and pla .ed in the 
thermostatically controlled bath for the required times . 
(ii) When he alkoxy pyrimidine (or p yridine) was a 
solid, the media were prepared by dissol ing a weighed 
amount of each alko ypyrimidine in a known Tolume 0 
pero 'de-free tetrahydrofuran (Perrin , Armare bo, and 
Perr'n, 19 66 ). Aliquots containing lO mg of alko .y-
• 
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pyrimidine were transferred into the above mentioned 
glass tubes . The tetrahydrofuran was then pumped of' at 
room emperature, and the .riethylamine if equired 
was weighed into each tube. 
reated as above . 
The tubes were sealed and 
Analysis of the Reaction Mixtures After Heating 
(i) Ultraviolet Absorption Method . After heating , 
each tube was chilled in ice water (with suitable 
precautions), and the contents were carefully washed 
into a volumetric flask with benzene-free ethanol. 
Sui table dilutions were made for spectromet ic 
m asurement against a standard solution of untreated 
alko ypyrimidine (or pyridine). 
Suitable wavelengths at which the disappearan ce of 
the alkoxypyrimidine (or pyridine) and the appearance of 
the rearrangement product could be measu ed were 
selected after reference to the spectra o f the pure 
compounds. In each case, authentic mi tures of 
alkoxypyrimidine (or pyridine) and their N-alkyl-oxo 
isomers were prepared, their spectra recorded, from 
these, an appropriate correction was determined for the 
absorption of the rearrangement product at the wa-elength 
of maximum absorption of the starting material, 0 vice 
versa. Some times the absorption maximum of' starting 
• 
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rna rial was ery close 0 that of the rearranged 
P oduct or he rearranged product was in oluble in 
ethanol. In such cases the reaction was followed b 
p.m.r. spectroscopy. 
(ii) The P.m.r. Spectroscopic Method. Ea h tu e 
was chilled as before, and the triethylamine was removed 
by vacuum evaporation at room temperature. The residue 
was dissolved in a suitable solvent (usually CDC1
3
. 
d 6DMSO, or trifluoroacetic acid), and the p.m.r. 
spectrum was measured. The composition of the product 
was calculated from the relative intensit of the 
O-methyl and _-methyl signals. 
Determination of Reaction Order in Relation to the 
Concentration of Triethylamine in the Rearrangement of 
2-Methoxy-5-n itropyrimidine 
Solutions of 2-methoxy-5-nitropyrimidine (1 ml, 
5 .117 x 1o-3M), in cyclohexane containing different 
molar ratios of triethylamine (0, 0. 25, 0.50 , 1.00 , 
3.00, 5 .00 , 7 .00 , and 00) were sealed in the glass tubes 
and heated in an oil thermostat at 1700 for 41 hr. 
After chilling each tube in ice water the content were 
analysed by the ultraviolet absorption method. The 
order of each reaction was calculated by the following 
equa ion: 
• 
n = 
log ((dxl /dt)/(dx2/dt)) 
log (xl /x2 ) 
1 23 
Where n = order of reaction, xl' x 2 = concen trat ion s 
of catalys , and dxl , dX2 = the increments of t he 
rearrangement p oduct (in terms of optical densities) in 
the solutions containing xl and x 2 moles of catalyst 
respectively . The results were shown in Table 15. 
• 
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APPENDIX 1 
INDEX OF PREPARATIONS 
4-Amino-6-chloro-5-n itro-2-s tyrylpyrimidine 
4-Amino- 6 -hydrazino-2-methyl-5-nitropyrimidine 
4-Amino-6-hydrazino-5-nitropyrimidine and 
A l 
Page 
94 
93 
hydrochloride 91 
4-Amino-6-hydrazino-5-nitro-2-styrylpyrimidine 95 
5-Amino-4-methoxypyrimidine 97 
4-Amino-2-methyl-5-n itropyrimidine 93 
4-Amino-5-nit ropyrimidine 92 
4-Amino-5-n itro-2-styrylpyrimidine 95 
5-p-Aminophenyl-l,2-dihydro-l-methyl-
2-oxopyrimidine 113 
5-p-Aminophenyl-2-methoxypyrimidine 113 
5-Aminopyrimidine 98 
l-Aryl-l,2-dihydro-2-oxopyrimidines 
(general method) 83 
2-Benzyl-4,6-dichloro-5-nitropyrimidine 100 
2-Benzyl-4,6-dihydrazino-5-nitropyrimidine 101 
2-Benzyl-4,6-dihydroxypyrimidine 100 
2-Benzyl-4,6-dihydroxy-5-nitropyrimidine 100 
2-Benzyl-5-nitropyrimidine 101 
5-Bromo-l, 6 -dihydro-l-me thyl-6-oxopyrimidine 90 
• 
5-Bromo-2-ethoxypyrimidine 
5-Bromo-l~thyl-l,2-dihydro-2-oxopyrimidine 
5-p-Bromophenyl-2-chloropyrimidine 
5-p-Bromophenyl-l,2-dihydro-l-methyl-
2-oxopyrimidine 
U-p-Bromophenyl-u-formylacetonitrile 
5-p-Bromophenyl-2-hydroxypyrimidine 
2-p-Bromophenyl-J-iminopropionaldehyde 
5-p-Bromophenyl-2-methoxypyrimidine 
4-t-Butylaminopyrimidine 
4-t-Butylamino-5-nitropyrimidine and picrate 
2-Chloro-5-p-chlorophenylpyrimidine 
2-Chloro-5-p-NN-dimethylaminophenylpyrimidine 
2-Chloro-5-p-methoxyphenylpyrimidine 
2-Chloro-5-methylpyrimidine 
2-Chloro-5-phenylpyrimidine 
5-p-Chlorophenyl-l,2-dihydro-l-methyl-
2-oxopyrimidine 
5-p-Chlorophenyl-2-hydroxypyrimi dine 
2-p-Chlorophenyl-J-imin opropionaldehyde 
5-p-Chlorophenyl-2-methoxypyrimidine 
2-Chloro-5-p-tolylpyrimidine 
4,6-Dichloro-5-nitro-2-s t yrylpyrimidi n e 
A2 
Page 
82 
90 
112 
112 
110 
III 
III 
112 
85 
97 
109 
116 
114 
81 
102 
110 
109 
109 
110 
106 
94 
4,6-Dihydrazino-2-methyl-5-nitropyrimidine 
1,2-Dihydro-l,4-dimethyl-2-oxopyrimidine 
1,2-Dihydro-l,5-dimethyl-2-oxopyrimidine, 
hydrochloride, and picrate 
1,2-Dihydro-l,6-dimethyl-2-oxopyrimidine, 
and picrate 
1,4-Dihydro-l,5-dimethyl-4-oxopyrimidine 
1,6-Dihydro-1,4-dimethyl-6-oxopyrimidine 
1,6-Dihydro-l,5-dime thyl-6-oxopyrimidine 
1,2-Dihydro-l-isobutyl-2-oxopyrimidine 
1,2-Dihydro-5-p-methoxyphenyl-l-methyl-
2-oxopyrimidine 
1,2-Dihydro-1-methyl-3,5-dinitro-
2-oxopyridine 
1,2-Dihydro-l-methyl-5-p-nitrophenyl-
A3 
Page 
99 
86 
87 
86 
87 
85 
87 
84 
1 15 
101 
2-oxopyrimidine 108 
1,6-Dihydro-l-methyl-5-nitro-6-oxopyrimidin e 91 
1,2-Dihydro-l-methyl-2-oxo-5-phenylpy rimidine 103 
1,2-Dihydro-l-methyl-2-oxo-5-p- t olylpy rimidin e 106 
1,2-Dihydro-2-oxo-l-phenylpyrimidine 83 
1,2-Dihydro-2-~-1-p-tolylpyrimidine 84 
5-p- -Dimethylaminophenyl-l, 2 -dihydro-
methyl-2-oxopyrimidine 117 
• 
-
A4 
P a ge 
u-p- -Dimethylaminophenyl-U-formylac e t oni t rile 115 
2-p-NN-Dimethylaminophenyl-3-iminoproprionaldehy de 116 
5-p-NN-Dimethylaminophenyl-2-hydroxypyrimidine 116 
5-p-NN-Dimethylaminophenyl-2-methoxypyrimidine 117 
2-E thoxy-5-methylpyrimidine and picrate 82 
l-E thyl-l,2-dihydro-4-methyl-2-oxopyrimidin e 9 0 
l-E thyl-l,2-dihydro-5-methyl-2-oxopyrimidine 89 
l-E thyl-l,2-dihydro-6-methyl-2-oxopyrimidine 
and hydrochloride 
4-Hydrazino-6-methoxy-5-nitropyrimidine 
2-Hydroxy-5-p-methoxyphenylpyrimidine 
2-Hydroxy-5-methylpyrimidine hydrochloride 
2-Hydroxy-5-p-nitrophenylpyrimidine 
2-Hydroxy-5-phenylpyrimidine 
2-Hydroxy-5-p-tolylpyrimidine 
3-Imino-2-p-methoxyphenylpropionaldehyde 
3-Imino-2-p-tolylpropionaldehyde 
2-Isobutoxypyrimidine 
2-Methoxy-5-p-methoxyphenylpyrimidine 
2-Methoxy-5-methylpyrimidine and p icra t e 
4-Methoxy-5-methylpyrimidine and p icra t e 
4-Methoxy-5- n itropyrimidine 
2-Methoxy-5-p-nitrophenylpyrimidine 
89 
96 
114 
81 
107 
102 
105 
113 
104 
84 
114 
82 
83 
97 
107 
• 
2-Methoxy-5-pheny1pyrimidine 
2-Methoxy-5-p-to1y1pyrimidine 
2-Methyl-5-nitropyrimidine 
5-Nitropyrimidine 
p-To1y1ma1ondia1dehyde 
2-p-To1y1oxypyrimidine 
A5 
Page 
103 
106 
99 
98 
104 
84 
• 
.J 
TABLE of Ionization Constants and Ultraviolet Spectra 
* (109 c)t Pyrilli di ne p!a A. ax . pH or !!o 
4-Allino-5-benzy1ideneallino-2-methy1- 342(3 . 96). 276(4.10). 248(4.17) E 
4-Alli no-6- ch1 0 ro- 5- ni tro- 2- sty ry1- 355(4.08), 
ill(4.30) 
320(4.22), 258(3.96), E 
4-Amino-6-hydrazino-2-lIethyl-5-nitro- 4.08 i 0.03(272) 338(3.88). ill(4.12). 210(4.33) 7.0 
ca t ion 331 (3. 82). £21.(3 . 62), 237(4.26) 1. 0 
4-Allino-6-hydrazino-5-nitro- 3.70 i 0.04(370) 337(3.91). ill(4 . 18) 6 .0 
cation 333 (3.80) , ill(3.58), 235(4.25) 1.0 
4-Ami no- 6-hydraz i no-5- ni tro- 2-s ty ry1- 353(4.41). lli(4.31), 231(4.28) E 
5-Allino-4-lIethoxy- 280 (3.73). 242(3.95) 7.0 
cation 4.27 i 0.05(263) 280(3.81), 263(4.00) 0 .0 
4-Allino-2-methyl-5-nitro- 2.72 i 0.02(350) 341(3.79). ill(3.70). 250(3 . 78) , 6. 0 
216(4.29) 
ca t ion 317(3.63), ~(3.89), 248(3.98), 1. 0 
215(4.25) 
4-Allino-5-nitro- 1.98 i 0.03(355) 341(3.74), ill(3.66), 248(3.79) 6 .0 
cation 319!3. 63 l' 2104.14 ill(3.93). 249 (4.04), - 2.0 
4-Alli no- 5- ni tro- 2-s tyry1- 2.35 i 0.05(390) 365(4.24). llQ.(4.17), ill(4.05). E 
232(4 . 23) 
5-p-Allinopheny1-1,2-dihydro-1-methyl-2-oxo- llQ.(3.34). 273(4.35) 7.0 
cltion 3.91 i 0.05(322) 332(3.59) , 255(4.32) 2.7 
dication 1.82 t 0 . 06(270) 247(4.37) 
-2.0 
5-~-Allinophenyl-2-lIethoxy- 273(4 . 33) 8 . 2 
cltion 4.02 i 0 . 05(285) ill(3 · 59). 245(4.33) 2. 0 
dicltion 0.37 t 0.04(315) 308(3 . 52), 249(4 . 41 ) 
-2.0 
7 
Tabl e continued, page 2 
2-Benzyl-4, 6-dihydrazi no - 5- ni tro- 4 . 11 t 0 . 04(400) 361 (3.84) , 215(4.34) 7.0 
ca t ion 320(3 . 80), £lQ(4 . 16) 1.0 
2-Benzyl-4,6-dihydroxy- 5 . 78 t 0.05(300) 253(4 . 04) 3.0 
anion 253(3 . 92 ) 9.0 
2-Benzyl-4,6-dihydroxy-5-nitro- 3.49 ± 0.05(310) 325(3 . 80), ~(3.63), 214(4 . 47) 1.0 
a ni on 334(3 . 75), ~(4 . 16) 7.0 
5-Bromo-1,2-dihydro-1-methyl-2-oxo- 326(3.43), 225 (4 . 00) 4.0 
cation 0.55 t 0.03(335) 346(3.55) , 224(3 . 96) -2.0 
5-8romo-1,6-dihydro-1-methyl-6-oxo- 283(3 . 77), 236(3 . 60) 4.0 
cation 0 . 14 t 0.06(248) 277(3.78) , 245 (3.71 ) -2.0 
5-Bromo-2-ethoxy- 286(3.50), 220(4.12) 7.0 
cation -0 . 42 t 0 . 07(305) 305(3.62), 225(4.16) -2.0 
5-Bromo-1-ethyl-1,2-dihydro-2-oxo- 327(3.60), 227(4.09) 7.0 
cation 0 . 62 t 0.05(347) 347(3.73), 224(4.14) -2.0 
5- 8romo-2-hydroxy- ! 322(3.54) , 222 (4.16) 4 .0 
ca t ion 0 . 44 t 0 . 02(350) 343 (3. 65) , 220(4.19) -2.2 
an ion 7.36 311 (3. 55). 228(4.18) 10 . 0 
5- 8romo-4-hydroxy- £ 305(3.08). 
"233(3.12) ~(3.67). 
275(3.71), 4.0 
cation 0.43 t 0 . 03(246) 273(3.73). 241(3.80) -2.4 
anion 7. 15 t 0.04(305) 292(3.37), m(3~85) 
277(3.69). 240(3 . 80) , 10.0 
5-Bromo-2-mercapto- .£ 368(3 . 24), 290(4 . 31), ill(3 . 55 ) 3.0 
cation -0 . 43 t 0.03(310) 411(2.99), 296(4.43) -2.6 
a ni on 5.47 ± 0 . 05(300) lliO..:.1l.), 280 (4 . 28) 8.0 
5-Bromo-4-mercapto- .£ 338 ( 3 . 86), 288(3.96) 3.0 
ca ti 0 n -0 . 46 t 0 . 04(310) 309 (4.14) • 218(3.93) -2.6 
anion 5.60 t 0 . 02( 350) ill(3 . 90), 284(3 . 93 ) . ll2. ( 3. 'l0) 8.0 
5-~-Bromophenyl-1,2-dihydro-1-methyl-2-oxo- 326(3 . 54), 260(4.43 ) 4.0 
cation 1. 89 t 0 . 04 ( 355) 352 (3.52 ) , 257 (4 . 41 ) -1. 0 
.L 
Tlble continued, plge 3 
5-~-Bro.ophenyl-2-hydroxy-
cltlon 1. 63 t 0.04(355) 
Inion 8 . 56 t 0.03(297) 
5-~-Bro.ophenyl-2-methoxy-
cation 0.61 t 0 . 03(325) 
4-t-Butyl a.l no-
Cltlon 6.5B to. 04 t 
4 - t - B u ty 1 a.l no - 5 - nit ro - 2. 60 t 0 . 04(400) 
cation 
1-Butyl-l,2-dlhydro-2-oxo-
CI t Ion 2.76 t 0.05(330) 
l-s-Butyl-l,2-dlhydro-2-oxo-
ca t Ion 3.00 t 0.05(330) 
1- t-Butyl-l,2-dlhydro-2-oxo-
ca t Ion 3 . 58 t 0.04(330) 
5-p-Chlorophenyl-l,2-dlhydro-l-.ethyl-2-oxo-
cltlon 1. 78 t 0.05(315) 
5- ~- Ch 1 0 ro pheny 1 - 2-hyd roxy-
cation 1. 62 t 0.06(355) 
ani on 8.57 t 0.04 (297) 
5-~-Chlorophenyl-2-.ethoxy-
ca t Ion 0.62 t 0 . 04(318) 
4,5-011.1 no-6-chloro-2-styryl- 2.85 t 0.04(386) 
cation 
4.5-Dll.1no-2 - phenethyl- 6.65 t 0.04(270) 
ca t Ion 
323(3 . 42), 258(4.33) 
350(3 . 37) , 255(4 . 36) 
ill(3.53). 269(4 . 34) 
ill(3.42). 256(4.43) 
315(3.42 ), 260(4.42) 
274(3.59), 246(4 . 19) 
258(4.22) 
374(3.6B), ill(3 . B2), 255(3.B9), 
222(4.26) 
: 
340 (3.49). 259(4 . oil) , 216(4.03) 
304 (3.72), 215(3 . 90) 
>315(3 . 85) 
305(3 . 73). 216(3.86) 
316(3.84 ) 
305(3.70). 218( 3.84) 
315(3.87) 
325(3.52), 257(4.41) 
352(3.48) , 254(4.39) 
324 (3 . 43). 257(4 . 36) 
349 ( 3.39), 253(4.36) 
illO. 50), 268(4.35) 
254(4.36) 
318(3 . 37), 259(4 . 35) 
328(4.27), 300(4.25), 222(4.21) 
350(4 . 30), 298(4.20), 220(4.09) 
291(3.80), 247(3 . 86) 
278(3 . 92 ) 
5.0 
-1. 0 
11. 0 
6 . 0 
-2 . 0 
10 . 0 
3.0 
6.0 
-1.0 
7.0 
0.0 
7. 0 
0. 0 
7.0 
0. 0 
6 .0 
-1.0 
6.4 
-1.0 
11.4 
7.0 
-2 . 0 
6 .0 
0 . 0 
9.0 
1.0 
8 
9 
Tabl e continued, page 4 
4, 6-Dlchl 0 ro- 5-nl tro-2-s tyryl- 331(4.30), 240(3.90) E 
4,6-Dlhydrlzlno-2-methyl-5-nltro- 4.45 ± 0.05(380) 359(3 . 95), ill(4.23), 217(4.32) 7.0 t 
cltlon 327(3.81), ~(!:...!l), 230(4.19) 1.0 
l, 2- 01hydro-1,5-d lm ethyl-2-oxo- 312(3.66), 218(4.03) 7.0 
ca t Ion 2.62 ± 0 .04(328) 328(3.77) , 221(3.72) 0 .0 
l,2 - Dlhydro-1,6-dl.ethyl-2-oxo- 304(3.74), 216( 3.88) 7.0 
cltlon 3.38 ± 0.07(310) 310(3.81) 0 .0 
l,4-Dlhydro-1,5-dl.ethyl-4-oxo- 247(4.07) 7.0 
cation 2.49 ± 0.04(250) 256(3.65), 238(3.96) 0.0 
l,6-Dlhydro-1,5-dlmethyl-6-oxo- 270(3.72), 226(3.76) 7.0 
cation 2 . 23 ± 0.05( 270) 258(3 . 66), 235(3 . 90) 
-1.0 
l,2-Dlhydro-1-1sobutyl-2-oxo- 304 (3.71), 215(3 .91) 7.0 
CI t Ion 2.75 t 0.05(330) 315(3.85) 0 . 0 
l,2-Dlhydro-1-1sopropyl-2-oxo- 304 (3.71) , 215(3.81 ) 7.0 
cation 2.93 ± 0.05(330) 317(3.87) 0.0 
l,2-Dlhydro-5-~-.ethoxyphenyl-1-.ethyl-2-oxo- 335(3.43), 261(4.38) 6.0 
cltlon 2.08 ± 0.03(330) 358(3.27) , 265(4.31) 
-1.0 
l,2-Dlhydro-1-methyl-5-£-nltrophenyl-2-oxo- 320(4.27), l..Q.U 4.03) 3.8 
cation 1.53 ± 0.04(325) 345 (3.88), 296(4.21) -1.0 
l,2-Dlhydro-1-.ethyl-2-oxo-5-phenyl- 325(3.46), 252(4 . 28) 5 .0 
CI t1 0 n 2 . 01 ± 0.06(265) 351(3.46), 248(4.26) 0.0 
l,2-01hydro-1-methyl-2-oxo-5-£-tolyl- 331(3.51), 254(4.39) 6 .0 
cation 2.07 t 0.04(320) 356(3.45), 256(4.33) 0.0 
l,2-Dlhydro-2-oxo-1-propyl- 304 (3. 72), 215(3 . 93) 7.0 
ca t1 0 n 2.75 t 0.05(330) 315 (3.84) 0.0 
Table continued, page 5 
5-£-~-Olmethylamlnophenyl-2-methoxy­
cation 
dlcatlon 
2-Ethoxy-5-methyl-
cation 
2-Ethoxy-5-nltro-
1-Ethyl-l,2-dlhydro-5-methyl-2-oxo-
cation 
1-Ethyl-l,2-dlhydro-6-methyl-2-oxo-
ca t Ion 
1- E thy I - 1 , 2 - d I h Y d ro - 2 - 0 x 0-
ca ti 0 n 
2- Hexy I ami no- .Q 
cation 
4-Hydrazlno-6-methoxy-5-nitro-
ca t Ion 
2-Hydroxy-5-f-methoxyphenyl-
ca tI 0 n 
anion 
4-Hydroxy-5-methyl-
ca ti 0 n 
ani on 
2-Hydroxy- 5-p-nl trophenyl-
cat i on 
a n I on 
4.31 ± 0 . 05(289) 
0.22 ± 0.07(304) 
1. 75 ± 0.04(287) 
- ! 
2.80 ± 0 . 02(328) 
3.47 t 0 . 04(330) 
2 . 65 ± 0.04(330) 
4.18 t 0.05(243) 
2 . 77 t 0.05(400) 
1. 91 t 0 . 03(325) 
8.86 t 0.05(350) 
2.34 t 0.05(270) 
9. 12 t 0 .0 7(280) 
1. 42 t 0.05(325) 
8.17 t 0.04(355) 
288(4.33), 217(4.20) 
250(4.34) 
304(3 . 56),251(4 . 38) 
276(3.62) 
287(3 . 74 ) 
274(4.12) 
314(3.72), 219 (4.07) 
328(3.80), 212(4.04 ) 
305(4.16), 218(4.22) 
311(4 . 21) 
304(3 . 71), 215(3.91) 
314(3 . 85) 
307(3.38), 236(4.21) 
317(3.49), 229(4.22) 
360(3.86), 280(3.81), 
320(3.89), ~(3.85), 
332(3.35), 226(4.39) 
360(3.26), 273(4.34) 
314(3.66), 264(4 . 43) 
260(3.72), 230(3.79) 
263(3 . 70), 231(3.80) 
267(3.72), 233(3.94) 
360(3 . 90), 317(4.01) 
l!Q(3.63), 295(3.95) 
347 ( 3 . 95) , ill(3·92) 
231(4.46) 
224(4 . 50) 
8.0 
2.5 
-2.0 
7.0 
0.0 
7.0 
7.0 
0.0 
7.0 
1.0 
7.0 
0.0 
7.0 
1.0 
6.0 
-1. 0 : 
6.0 
-1.0 
11.0 
7.0 
-1.0 
11. 0 
3.6 
-1.0 
10.0 
-
10 
Table continued. plge 6 
2- Hydroxy-5-£- tolyl-
cation 
an ion 
2-Methoxy- 5- p-methoxyphenyl-
cation 
2-Methoxy-5-methyl-
cation 
4-Methoxy-5-methyl-
ca t1 0 n 
4-Methoxy-5-nltro-
2-Methoxy-5-phenyl-
ca t 1 0 n 
2-Methoxy-5-£-tolyl-
cation 
1.96 1 0.04(320) 
8.74 1 0.03(280) 
0 .7 8 1 0.05(345) 
1.67 1 0.10(285) 
3.62 1 0.06(250) 
0.79 i 0.04 (314) 
0.77 1 0.03(325) 
327(3.24). 254 (4 .15) 
354(3.37). 253(4.35) 
312(3.32). 263(4.16) 
261(4 .11) 
334 (2 . 88). 272(4 . 07) 
272(3.54) 
285(3.58) 
252(3.59). 214(3.75) 
247(3.77) 
277(3.58) • 233(3 . 73 ) 
286 (3 . 47). 248(4 . 31) 
314(3.37). 252(4 . 31) 
~(3.46). 253(4.36) 
326(3.28). 260(4.34) 
• Measured spectrometrically at 20 0 by methods of Albert and Ser j eant (1962); analytlcal 
wavelength (lI1u) in parenthesis . 
t In aqueous buffer of glven pH or!!o. or ln ethanol (£); lnflexions were underl in ed . 
~ Potentioll1etrlc titratlon (14/1000). 
I Rapld hydrolysis precluded lI1easurement . 
• 
• Peaks lI1easured rapl dly because of 1 ns tablli ty 1 n aqueous buffer . 
.! Crosby and Berthold. 1960. 
~ Ches terfiel d. McOlllie. and Sayer. 1955. 
£. Brown and Fos ter. 1966b . 
.!! Brown and Lyall. 1964 . 
11 
5.0 
0.0 
11.0 
4 .0 
-1.0 
7.0 
0 .0 
7.0 
0.0 
[ 
7.0 
-1.3 
4 .0 
-1.0 
A1 2 
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Simple Pyrimidines. Part Xl.l 5-Nitropyrimidine 
By M. E. C. Biffin, D. J. Brown, and T. C. Lee, Department of Medical Chemistry, Australian National University, 
Canberra, Australia 
5-NJtropynmldlne has been made by oXidizing Its 4.6-dlhydrazlno-denvatlve with sliver oXide. 2-Methyl- and 
2-benzyl-5-nltropyrimldine. made Similarly. differ from compounds previously so formulated . The structures of 
the nltropynmldines have been confirmed by chemical and spectral means. Their cations in water eXist as covalent 
hydrates, the first such adducts observed In the pynmldlne senes. 
A RECEXT study 2 of the removal of hydrazino-groups 
from heterocycles suggested to us a way of making the 
long-sought 5-nitropyrimidine. Accordingly, 4,6-di-
hydrazino-5-nitropyrimidine (I; R = H, R' = NHNH2) 
was submitted to oxidation by silver oxide in warm 
anhydrous methanol and the pyrimidine (I; R = R' = 
H) resulted. Its 2-methyl derivative (I; R = Me, 
R' = H) and 2-benzyl derivative (I; R = CH2Ph, 
R' = H) were made similarly; each melted more than 
100° below the respective isomeric substance, prepared 
from nitromalondialdehyde with' acetamidine or phenyl-
acetamidine, and previously formulated 3 as the pyrim-
idine. In this connection, Collins 4 has shown that 
C-ethoxycarbonylacetamidine reacts with nitromalondi-
aldehyde to give 2-amino-3-ethoxycarbonyl-5-nitro-
pyridine (II) instead of 2-ethoxycarbonyl-5-nitropyrim-
idine (1; R = CH2C02Et, R' = H). 
The p.m.r. spectrum of 5-nitropyrimidine in carbon 
tetrachloride consisted of a single peak at about 't' 0·33 
representing all three protons. On expansion, it was 
partly resolved into a doublet ('t' 0·33; 12:4 = 12 :6 = 0·3 
c./sec.) representing H-4 and H-6, and a triplet (?) at 
':' 0·36 for H-2. The near-coincidence of the signals 
may largely result from the similar effect on 7t-electron 
distribution of replacing =CH- with =N-, or by sub-
stituting the hydrogen atom on the same carbon atom 
with a nitro-group. This phenomenon is evident, for 
example, in a comparable lowering 5 of basic strength in 
going from pyridine (pKa 5·2) to 3-azapyridine (pyrim-
idine: 1·3), or 3-nitropyridine (0·8); and in comparable 
rates for the reactions of piperidine with corresponding 
chloropyrimidines, chloronitropyridines, and chloro-
dinitrobenzenes.6 5-Nitropyrimidine (I; R = R' = H) 
would therefore approximate to the symmetrical pattern 
of 1,3,5-triazine (III) or 1,3 ,5-trinitrobenzene (IV), in 
each of which the protons are represented by a singlet 
of comparable chemical shift ('t' 0·71 and 0,45, respec-
tively, in carbon tetrachloride). 2-Methyl-5-nitro-
pyrimidine in carbon tetrachloride showed a two-proton 
singlet at -:- 0·46 and a three-proton (CH3) singlet (7,07); 
2-benzyl-5-nitropyrimidine, a two-proton singlet (0'5), 
a similar (CH2) singlet (5·62), and a five-proton complex 
centred at 't' 2·66. 
Unlike 1,3,5-triazine, which rapidly decomposes in 
1 Part X. D. J. Brown and P . W. Ford, preceding Paper. 
I A. Albert and J. G. Catterall, ]. Chem. Soc. (C). 1967. in 
the press; J. G. Catterall . Ph.D. Thesis. Canberra (1966). 
S R. Andrisano and G. Modena. Boll. sci. lac. chim. indo 
Bologna. 1952,10. 156 (Chem. Abs .• 1953,47.4737); P. E. Fanta 
and E. A. Hedman, ]. Amer. Chem. Soc., 1956,78. 1434. 
, D. J. Collins. ]. Chem. Soc .. 1963. 1337. 
6 D. J. Brovon and J . S. Harper, ]. Chem. Soc .• 1961. 1298. 
aqueous solution,? 5-nitropyrimidine undergoes only a 
very slow irreversible first-order change in water 
(t~ : 7·3 days at ca. 25°, followed spectrally); it is also 
quite stable in acid (Ho - 2), but is rapidly decomposed 
by aqueous alkali (t~ < 1 min. at 25°) . 
R' 
ON(N lR' I JR 
01N0C01Et 
~ .JNHl 
N 
NAN 
~ J 
N 
( \ 1 l [ I) 
O'NONO' 
N01 (I\') 
N 
(T I T) 
DO H 
OlN~N-D 
Hl +JR. 
~ (\') 
In cyclohexane, the ultraviolet spectra of 5-nitro-
pyrimidine and its 2-methyl derivative are quite similar 
to those of their lower azalogues, 3-nitropyridine and 
nitrobenzene (see Table). However, each pyrimidine 
shows a flat n ~ 7t* peak of low intensity above 290 mil-, 
a system represented only by inflexions on the 
nitropyridine (310 mil-) and nitrobenzene (325 mil-) curves. 
The spectra of the pyrimidines, as neutral molecules in 
water, are closely similar to those in cyclohexane, but 
on cation formation each spectrum undergoes a reversible 
bathochromic shift of some 70 mil-, suggesting 8 that a 
covalent hydration of the cation may be involved. The 
pKa values derived from this change are 0·7 for 5-nitro-
pyrimidine and 1·5 for its 2-methyl derivative, also 
consistent with covalently hydrated cations (anhydrous 
cations would have pKa ca. -2; compare pyridine, 
5,2, with 3-nitropyridine, 0·8). This postulated hydr-
ation was confirmed by p.m.r. spectra.9 Thus in D20, 
5-nitropyrimidine had a one-proton singlet (H-2) at 
't' 0'53, and a two-proton singlet (H-4 and H-6) at 't' 
0'40; 2-methyl-5-nitropyrimidine, a three-proton (CHa) 
single at 't' 7,12, and a two-proton singlet (0·38). In 
2N-DCl/D20 the 5-nitropyrimidine cation (V; R = H) 
showed one-proton singlets at -:- 3·51 [-CH(OD)-], 
1,69, and 1·34; the 2-methyl-5-nitropyrimidine cation 
(V; R = Me), a three-proton (CH3) singlet at 't' 7'40, a 
one-proton singlet [-CH(OD)-] at 't' 3·49, and a similar 
singlet (=CH-) at ": 1·59. The methyl compound also 
underwent addition of deuteriomethanol to its cation 
8 N. B. Chapman and C. W . Rees. J. Chem. Soc .• 1954. 1190 
7 C. J . Grundmann and A. Kreu tzberger. }. A mer. Chem . 
Soc .• 1954. 76. 5646. 
8 A. Albert and W. L. F. Armarego, Adv. Heterocycltc Chem .• 
1965, 4. 1. 
• T. J. Batterham, }. Chem. Soc. (C). 1966, 999. A Albert . 
T . J. Batterham. and J . ]. McCormack. } . Chem. Soc. (B). 1966. 
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in CD30D/DCI (one-proton singlets at T 3·96 and 1,49). 
2-Benzyl-5-nitropyrimidine was insufficiently soluble in 
D 20 for measurement, but in 2N-DCI/D20 it showed a 
five-proton multiplet centred at T 2'56, a two-proton 
singlet (-CH2-) at 5,70, and two one-proton singlets at 
T 3·52 [-CH(OD)-] and 1·71 (-CH=). 
EXPERIMENTAL 
Analyses were done by Dr. J. E. Fildes and her staff. 
A sample of 1,3,5-triazine was kindly supplied by Dr. C. J. 
Grundmann, Ohio State University Research Foundation. 
P.m.r. spectra were measured at 60 Mc./sec. 
5-Nitropyrimidine.-Finely ground 4,6-dihydrazino-5-
nitropyrimidine 10 (2'4 g.) and silver oxide (10,0 g.) were 
stirred in anhydrous methanol (1 1.) at ca. 45° for 1 hr. 
J. Chern. Soc. (C), 1967 
2-Benzyl-4,6-dihydroxypyrimidine .-Ethyl phenylacetate 
(60·3 g.) and malondiamide (25·0 g.) were heated under 
reflux for 2 hr. in ethanolic sodium ethoxide (500 ml.; 
from 28·2 g . sodium). The sodium salt of 2-carbamoyl-
methyl-4,6-dihydroxypyrimidine 13 · was filtered from the 
chilled mixture, and the residue from evaporating the filtrate 
was dissolved in water (350 mI.). Adjustment to pH 2 
gave the 2-benzylpyrimidine (10,7 g.), m. p. 313-314° 
(decomp.) (from ethanol) (Found: C, 65·3; H, 5·1; N, 
13·7. CllHloN202 requires C, 65·3; H, 5·0; N, 13,9%). 
2-Benzyl-4,6-dihydroxy-5-nitropyrimidine.-The above 
pyrimidine (5,0 g.) was added in portions to a stirred mix-
ture of nitric acid (d 1·5; 10 m1.) and acetic acid (25 ml.) 
at 0°. After 15 min. the mixture was added to ice, and 
recrystallisation of the resulting solid from water gave the 
yellow nitropyrimidine (4,0 g.), m. p. 254° (decomp.) 
Ionisation constants and ultraviolet spectra 
Compound pK. /I AlIl&x. (log E) • 
5-Nitropyrimidine ............... 0·72 ± 0·03 (305) 293 (2'72), 255 (3'54), 249 (3,74), 241 (3'88), 235 (3'92), 232 (3'91), 
224 (3·88) 
237 (3·90) d 7·0 
2-Methyl-5-nitropyrimidinc 
305 (3·83) - 2·0 
1·49 ± 0·05 (310) 295 (2'81), 258 (3'90), 251 (4'01), 245 (4'04), 241 (4'02) Cy 
295 (2'87), 257 (3'94), 251 (3'99), 247 (4·00) 7·0 
2-Benzyl-5-nitropyrimidinc 
308 (3 ·82) - 1·0 
0·51 ± 0·04 (310) 281 (3'56), 243 (4·05) Cy 
253 (3'89), 248 (3'92), 243 (3·99) 7·0 
308 (3,84) - 2·0 
3-Nitropyridine ............ ...... 0·8' 310 (2,49), 265 (3'61), 240 (2·85) Cy J 
Nitrobenzene .... ......... ........ 325 (2'18),299 (2'72),287 (3'15),253 (3,95), 213 (3·87) Cy' 
• Measured at 20° spectrometrically (analytical wavelength given) by methods outlined by A. Albert and E. P. Serjeant, II Ion-
isation Constants of Acids and Bases," Methuen, London, 1962. • Inflexions in italics. • Cy = cyclohexane. " Only major 
peak recorded. • From ref. 5. J Cf. W. Gruber, Canad. J. Chem., 1953, 31, 1020 (in iso-octane). , Cf. W. G. Brown and H. 
Regan, }. Amer. Ch~m. Soc., 1947,69, 1032 (in iso-octane). 
The filtered solution was evaporated at 30° under reduced 
pressure and the oily residue was extracted with boiling 
light petroleum (b. p . 60-80°; 3 x 100 mI.). Evapor-
ation gave 5-nitropyrimidine (31 %), as colourless needles 
of m. p . 57-58° (from light petroleum) (Found: C, 38·6; 
H, 2'5; N, 33·95. C,HsN30 2 requires C, 38·4; H, 2·4; N, 
33'6%). 
5-A minopyrimidine.-5-Nitropyrimidine (0·25 g .) was 
hydrogenated in methanol over Raney nickel. Evapor-
ation of the filtrate and recrystallisation of the residue 
from benzene gave 5-aminopyrimidine (79%), m. p. 167°, 
identified with authentic material 11 by mixed m . p. and 
infrared spectra. 
4,6-Dihydrazino-2-methyl-5-nitropyrimidine.-A solution 
of 4,6-dichloro-2-methyl-5-nitropyrimidine 12 (2·0 g.) in 
ethanol (50 m1.) was added slowly to a hot stirred solution 
of 98% hydrazine hydrate (4·0 g.) in ethanol (50 ml.) 
After heating under reflux for 1 hr. the solution was re-
frigerated. The resulting solid afforded the orange coloured 
dihydrazino-compound (1' 0 g .), m. p . 198° ( from water) 
(Found: C, 30·0; H, 4·7; N, 48·7 . C6H gN70 i requires 
C, 30·1; H,4'55; N,49·2%) . 
2-Methyl-5-nitropytimidine.-4,6-Dihydrazino-2-methyl-
5-nitropyrimidine (0,45 g.) , silver oxide (4·2 g .), and meth-
anol (25 ml.) were stirred at 40-45° for 2 hr. Isolation 
as above gave the methylnitropyrimidine (25%), m . p. 59-
60° (from light petroleum) (Found : C, 43·45 ; H, 3·7 ; 
... T, 29·9. C6H 6N30. requires C, 43·2; H , 3'6; N, 30·2%). 
10 M . H. Krakov and B. E. Christensen, J. Org. Chem., 1963, 
28,2677. 
(Found: C, 53·7; H, 3·6; N, 16·7. CllH.N30 c requires 
C,53'4; H,3'7; N,17·0%). 
2-Benzyl-4,6-dichloro-5-nitropyrimidine.-The above di-
hydroxynitropyrimidine (3,4 g.), phosphoryl chloride 
(17 mI.), and diethylaniline (3·4 mI.) were heated under 
reflux for 2 hr. The cooled mixture was poured into crushed 
ice, and after stirring for 20 min., the slurry was extracted 
with ether. Distillation gave the dichloropyrimidine 
(3,1 g.), b. p. 117-119%,05 mm. and m . p. 66-69° 
(Found: C, 46·7; H, 2·7; N, 14·5. CllH7Cl2N301 requires 
C, 46·5; H, 2·5; N, 14,8%). 
2-Benzyl-4, 6-dihydrazino-5-nitropyrimidine .-Prepared as 
its 2-methyl homologue above, the benzyldihydrazu'w-
pyrimidine (66%), had m. p. 170-171° (from ethanol) 
(Found: C, 48·1; H, 4·7; N, 35·4. CllHuN70z requires 
C,48'0; H,4'75; N,35·6%). 
2-Benzyl-5-nitropyrimidine.-Treatment of the dihydr-
azino-compound with silver oxide as above gave the 
benzylnitropyrimidine (12%), m. p. 108-109° (from light 
petroleum) (Found: C,61'2; H,4'4; N,19·3. CllH.Na0 2 
requires C, 61·4; H,4'2; N, 19'5%). 
We thank Drs. D . D. Perrin and E. Spinner for advice, 
C. Arandjelovic, S . E. Brown, and D. Light for assistance, 
and this University for supporting T. C. L. as a Scholar. 
[6/1385 Received, November 1st, 1966] 
11 N. Whittaker, }. Chem. Soc., 1951, 1565. 
11 A. Albert, D. J. Brown, and H. C. S. Wood, J. Chem. Soc., 
1954, 3832. 
11 D. J. Brown,}. Chem. Soc., 1956,2312. 
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PYRIMIDI E REACTION * 
V.t ' Y THE:-:iE. 1... VOLVI G OXIDATION OF HYDRAZI JOPYRIMIDINE 
By M. E . C. BIFFIN,t D. J. BRoWN,t and T.-C. LEEt 
Introduction 
Halog no ub tituents may be removed conveniently from heterocycles by 
o idizing the d rived hydrazino compounds.! This procedure has been used recently 
to pr pare 5-nitropyrimidine from it 4 ,6-dichloro derivative.2 In the present paper 
th method i applied to other yntheses, which were originally aimed at the formation 
of pt ridin baring lectron-withdrawing substituents, and in which the usual 
reductiv dehalogenation 3 are contraindicated by the presence of a nitro or styryl 
gr up . 
Re ults and Discus ion 
Thu 4-amino-6-chloro-5-nitropyrimidine4 (I; R = Cl, R' = H) and hydrazine 
hydrate gav th 6-hydrazino analogue (I; R = NHNH2 , R' = H) which underwent 
oxidation by aqueou silver acetate to give 4-amino-5-nitropyrimidine (I; R = 
, =-= H) . Th 2-methyl and 2-styryl derivatives (I; R = H, R' = Me or CH=CHPh) 
Ol'vle 
O
2 ':6 
R 
(II) (III) (IV) 
wel' mad . imilarly ; in addition, the methyl was converted into the styryl derivative 
b cond nation with benzaldehyde in piperidine. These and other structures were 
nfirmed by th p.m.r. pectra recorded in Table ]. 
t,t mpted aminoly i of 4,6-dimethoxy-5-nitropyrimidine5 (II; R = OMe) 
by h clrazin gav only the dihydrazino compound6 under a variety of conditions, 
bu pr ferential aminoly. i of the chloro substituent in 4-chloro-6-methoxy-5-
nitrop rimidin 7 (II; R = Cl) proved po ible. The re ulting hyclrazino compound 
• Manu'cript recei," d J anuary 16, 1967. 
t P art ~TIY, Au t. J. hem., 1966, 19, 2321. 
t pnrtment of 1\1e lical hemi t ry, u tralian National niversity, Canberra. 
1 Ib rt, ., and att rail, J . G .. J. clwn. ac. C, 1967, in pre . 
2 Biffin, :\1. E. ., Brown, D. J. , and Lee, T." ., J. chem. ac. C, 1967, in press. 
3 Brown, D . J . 'Th P Timidine." p. 1 3 et seq. (J ohn Wiley: ew York 1962.) 
I Boon, \Y . R., J one , \,y . G. 1\1. , and Ramage, G. R., J. chen!" ac., 1951 , 96. 
~ Ro ,F. L ., nd Brown, D . J ., J. chern. ac., 1956, 1953. 
6 rrakov, 1\1. H . fmcl hri , ten n, B. E., J. arg. Ghem., 1963, 28, 2677. 
i Taylor, E. .. Barton, J . \Y ., and Pauciler, \V. \ ., J. argo Ghem., 1961, 26 , 4961. 
Aust . J. hem., 1967, 20, 1041- 7 
1042 .,HORT CO~DI TIO],"" 
(II; R = NHNH2) was oxidized in methanol by silver oxide to give +-methoxy-
5-nitropyrimidine (II; R = H), structurally confirmed by hydrogenation to th 
known8 5-amino-4-methoxypyrimidine and by aminolysis to 4-amino-5-nitro-
Compound 
4-Amino-5-nitro 
4-Methoxy-5-nitro 
4-Amino-2-methy l-5-nitro 
4-Amino-5-nitro-2-styryl 
4- t-Bu tylamino-5-nitro 
4.5-Diamino-2-styryl 
4,5-Diamino-2-methyl 
4,5-Diamino 
4,5-Diamino-2-phenethyl 
TABLE 1 
Medium ignals (T) 
Pyrimidine 
D20 /DCli H2: d, 1 · 01 (Jm 1 cIs); H6: d,0 ' 39 
CC1~ 
CDC13 
D 20 /D 
MezSO 
CDC13 
Me2SO 
D 20 /D 
D 20 /D 
DCI/D 20 
(J m 1 cIs) 
OMe: s, 5·72; H 2: s, 1 ·00; II 6: 
5·73; 0·90; 
Me: s, 7·26; H 6: s, 0·4 
, 0·7 
0·66 
Hf3: d, 2·81 (J 17 cIs); Ph: m, 
2·6-2·04; Hn: d, 1 ·82 (J 17 cIs); H6: 
,0,7 
But: s, 8·40; H2: s, 1 · 14; H6: s,O'65 
Hf3: d, 2·94 (J 16 cIs); Ph + Hn+H6: 
m, 2·63- 2·1 
Me: s, 7·35; H 6: s, 1·87 
H6: d, 1·91 (Jm 1·5 cIs); H2: d,I · 39 
(Jm 1·5 cIs) 
CH2CH2: s(br), 6·86; Ph: s(br), 2·67; 
H 6: s, 1 · 91 
(CD3)2S0 I CH2CH2: m, 7·1; NH2 4 + NH2 5: s(or), 
5'45* and 3'73*; Ph: s(br),2'73; 
H 6: s, 2·3 
4-Amino-5-benzylideneamino-2-methy11 CDC13 Me: s, 7·49; NH2: s(br), 4·03;* m- and 
p-H: m, 2·69-2' 47; o-H: m,2·18-2· 04; 
H n: s, 2·02; H 6: s, 1·46 
5-Acetamido-4-amino-2-methyl DCI /D20 I Ac: s, 7·72; Me: s, 7·36; H 6: s, 1·69 
2-Styryl 
6,7 -Dimethyl-2-styryl 
4-Chloro-6,7 -dimethyl-2-styryl 
* Signal collapses on adding D 20. 
Pteridines 
CDC13 
CDC13 
CDCl3 
Ph+Hf3: m, 2·64-2·11; lIn: d, 1 ·54 
(J 17 cIs); H6: d, 0·95 (J 2 cIs); H 7: 
d, 0·73 (J 2 cIs); H 4: s, 0 ·20 
6-Me + 7-Me: s, 7 ·17 +s, 7·23; Ph + H f3: 
m, 2·65-2· l5; Hn: d, 1·64 (J 16 cIs); 
H4.: s, 0 ·40 
6-Me+7 -Me: s(br), 7 · 11; Ph + Hf3: 
m, 2·67-2·13; Hn: d, 1 ·61 (J ]6 cjs) 
pyrimidine (I; R = R' = H). The rate of t-butylaminolysis of the methoxy 
compound by three moles of amine, under the preparative conditions previously 
used9 for the isomeric 2-methoxy-5-nitropyrimidine, was measured by change in ih 
8 Marchal, L., Promel, R., Martin, R. H ., and Cardon, A., Bull. Soc. chim. Brlg., 1 !J60, 
69, 177. 
9 Brown, D. J. , and Foster, R. V., Aust. J. Chern., 1966, 19, 1487, 2321. 
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ultravjolet p tra (Table 2); the appar nt first-order rate constants (104k; ec-1 ) 
were 2· 0 (10°), 3· 4 (20°), and 6· 90 (30°), indicating that 4-methoxy-5-nitro-
pyrimidin wa only about 1· 2 time more reactive than its 2-methoxy isomer. 
hi figur hould bc compared with the 1· 5: 1 ratio in the reactivities of 5-bromo-
4(and 2)-m thoxypyrimidine also toward, t-butylamine.9 4-Methoxy-5-nitropyrim-
TABLE 2 
10 IZATIO A D ULTRA VIOLET SPECTRA 
Compound pKe.· "max (log l)t pH or H. 
Pyrimidines 
4 -A mino-5-benzy Iideneamino-2-methy I 343(3'96),276(4'10),248(4'17) Et 
-I -A mino-6-ch loro-5-ni tro-2-styryl 355(4 ' 08),320(4'22),258(3'96),232(4 ,30) E 
4 -Ami no-6- hydrazi no-2-methyl-5-ni tro 4·08 ± 0·03 (272) 33 (3, 8),232(4'12),210(4'33) 7·0 
ation 331(3'82),292(3'62),237(4'26) 1·0 
4-Amino-6-hydrazino-5-nitro 3·70 ± 0·04 (370) 337(3'91),229(4'18) 6·0 
ation 333(3' 80), 296(3· 58), 235( 4·25) 1·0 
4-A mino-6-hydrazino-5-nitro-2- tyryl 353(4'41),323(4'31),231(4'28) E 
4-Amino-2-methyl-5-nitro 2'72 ± 0 ' 02 (350) 341(3' 79), 257(3' 70), 250(3' 78), 216( 4 · 29) 6·0 
ation 317(3' 63), 255(3' 89), 248(3' 98), 215(4' 25) 1·0 
4- mino-5-nitro 1 ·9 ± 0'03 (355) 341(3' 74), 256(3' 66), 248(3' 79) 6·0 
Cation 319(3' 63), 256(3' 93), 249(4' 04), 210(4'14) -2·0 
4- mino-5-nitro-2- tyryl 2·35 ± 0·05 (390) 365(4'24),330(4'17),256(4,05),232(4 ' 23) E 
2-Benzyl--I,6-dih -drazino-5-nitro" 4 ' 11 ± 0 ' 04 (400) 361(3'84),215(4'34) 7·0 
Cation 320(3' 80), 230( 4· 16) 1·0 
2-Benzyl-4,6-d ihydroxy" 5 · 78 :r: 0 . 05 (300) 253( 4' 04) 3·0 
Anion 253(3' 92) 9·0 
2-Benzyl-4 ,6-dihydroxy-5-ni tro' 3·49 ± 0 ·05 (310) 325(3'80),244(3'63),214(4'47) 1·0 
nion 334(3 '75),224(4 ,16) 7·0 
4-t-Butylamino-5-ni tro 2·60 ± O' 04 (400) 374(3'68),262(3,82),255(3'89),222(4'26) 6·0 
Cation 340(3'49),259(4,0 ),216(4'03) -1·0 
4,5-Diamino-6-chloro-2- tyryl 2'85 ± 0'04 (386) 328( 4' 27), 300(4' 25), 222( 4' 21) 6·0 
ation 350(4 '30),298(4 '20),220(4 '09) 0 ·0 
4,5-Diamino-2-phenethyl 6·65 ± 0 . 04 (270) 291(3' 0), 247(3' 86) 9·0 
ation 27 (3'92) 1·0 
4,6-Dichloro-5-nitro-2-styryl 331( 4· 30), 240(3' 90) E 
4,6-Dihydrazino-2-methyl-5-nitro' 4'45 ± 0'05(30) 359(3' 95), 234( 4· 23), 217(4' 32) 7'0t 
Cation 327(3'81),244(4'11),230(4'19) 1·0 
4 -IIydrazino-6-methoxy-5- ni tro 2 ' 77 ± 0'05 (400) 360(3' 86), 280(3' 81), 231(4' 46) 6·0 
ation 320(3 '89),284(3'85),224(4 '50) -1'0t 
4-Methoxy-5-nitro 277(3' 5 ), 233(3' 73) E 
Pteridines 
4- hloro-6,7-dimethyl-2- tyryl 353(4'27),312(4'39),268(4,04),216(4'39) E 
6,7-Dimethyl-2- tyryl 345(4'0t), 304(4'10), 280(4,05), 217(4 ' 34) E 
2-,' tyryl 350(3'97),304(4'11),2 0(4 ' 05),220(4,24) E 
• Mea urecl at 20° pectrometrically by the method of Albert, A. and erjeant, E. P., "Ionization Constants 
of Acid and Ba e ." ( Iethuen: London 1962.) Analytical wavelength in parentheses. 
tIn aqueO\l huffer of given pH or II., or in ethanol (E); inflexions in italics. 
t Peak m a ured rapidly becau e of in tability in aqueous buffer. 
idin ,a un tabl in aqueou acid or alkali. Thus in 2N DCl/D20 or in O' IN 
a D/ 20, th p.m.r. p ctra indicated completed ring fi ion at 33° within 2 min. 
hang in ultravjol t p ctra w re imilarly rapid at room temperature. 
Th ahoy t rylp rimidine (I; R = H ; R' = CH=CHPh) provided an ideal 
int rm diat for the nthe i of imple 2-styrylpteridine (III), hitherto unavailable 
becau e impl 2-methylptcridine were decompo ed by treatment with benzal-
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clehyde.1° The nitro group in the intermediate underwent selective reduction by 
'tannous chloride and the resulting diamine condensed with cthanolic glyoxal or 
biacetyl to give 2-styrylpteridine (III; R = R' = H), and its 5,7 -dimethyl 
derivative (III; R = Me, R' = H) respectively. Similar reduction of 4-aminv-
G-chloro-5-nitro-2-styrylpyrimidine (I; R = CI, R' = CH CHPh), followed by 
condensation with biacetyl, gave 4--chloro-5 ,7 -dimethyl-2-styrylpteridine (III; 
R = Me, R' = Cl); treatment of the same pyrimidine with hydrazine, Rodium 
hydroxidc, and palladized strontium carbonate in ethanol caused complete reduction 
to 4,5-diamino-2-phenethylpyrimidine (IV). Two additional related pyrimidin 
are described below. Neither the 2-styryl- nor the 2-methyl-pteridincs could 1 
successfully oxidized to 2-formyl- or 2-carboxyl-pteridine 
Experimental 
Analyses were done by Dr J. E. Fildes and her staff; ultraviolet spectra by !\II' 
Arandjelovic; pKa values by Mr D. Light; and p.m.r. spectra by Mr S. E. Brown. 
4-Amino-6-hydrazino -5-nitropyrimidine 
4-Amino-6-chloro-5-nitropyrimidine4 (5·0 g) and 98% hydrazine hydrate (3, 0 ml) in 
ethanol (200 ml) wcre heated under reflux for 2 hr. The resulting solid was washed with ethanol 
and recrystallized from water to give the hydrazinopY1'imiciine (3, 5 g) as yellow needles, m.p. H)9° 
(Found: C, 28·1; H, 3 ·6; N,49·3. C4HsNs02 requires C, 28·25; H, 3·6; N,49·4%). 
Treatment with aqueous ethanolic hydrogen chloride gave the hydrochloride hydrate, m.p. 1:: 300° 
(Found: C, 21· 7; H, 3·8; N, 36· 7. C4H 9CINs0 3 requires C, 21· 4; H, 4·0; N, 37· 4%). 
4-Amino-5-nitropyrimidine 
(i) The above hydrazinopyrimidine (2,0 g) was heated and stirred under reflux with silver 
acetate (8·8 g) in water (100 ml) for 2 hr. Nitrogen was evolved and silver was precipitate(l. 
The mixture was filtered while hot and the filtrate and aqueous washings were made alkalin 
with ammonium hydroxide. Evaporation under reduced pressure to c. 20 ml and subsequent 
refrigeration gave the aminonitropyrimidine (68%), m.p. 212-214°, after sublimation (98°10.05 rrun) 
or recrystallization from ethanol (Found: C, 34·0; H, 3·15; N, 39·6. C4H 4N 40 2 require 
C, 34·3; H, 2·9; N,40·0%). 
(ii) Oxidation on the same scale with hot aqueous 10% cupric sulphate pentahydraL 
(50 mI), and subsequent removal of copper ion as sulphide, gave a 5% yield of aminonitro-
pyrimidine. 
(iii) 4-Methoxy-5-nitropyrimidine (see below; o· 109) and concentntLed ammonium 
hydroxide (10 ml) were warmed on the steam-bath for a few minutes and evaporated Lo dryness. 
The residual aminonitropyrimidine (0·03 g) was identified with the above matE'rial by mixed 
m.p . and infrared spectra. 
4-Amino-6-hydmzino-2-methyl-5-nitropyrimidine 
4-Amino-6-chloro -2-methy l-5-nitropyrimidine4 (2,0 g) was converted as above into th 
hydrazinomethylpyrimidine (1·4 g), m.p. 252° (from methoxyethanol) (Found: C, 32 · 4; H, 4·35; 
N,45·!). CoHsNs02 requires C, 32·6; H,4'4; N,45·6%). 
-l-Amino-2-methyl-5-nitropyrimidine 
The hydrazino derivative (2,0 g) was stirred under reflux with s lker acetate (10·6 g) 
in boiling water (100 ml) for 2 hr. The filtrate was treated with hydrochlorlc acid until no further 
ilver chloride precipitated, and then refiltered. Addition of ammonium hydroxide and finIshing 
10 Albert, A., Brown, D. J., and ·Wood, H. C. S., J. chern. Soc., HJ54, 3832. 
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fl:-l above gav the pyrimidine (20%), m.p. 277- 27 0 , after sublimation (98% .05 mm) or 
recrYblallization from ethanol (Found: ,3 ·65; H, 4 ·0; N, 36 ·05. CSH 6N 402 requires 
(" 3, · n5; fl, 3·9; ... \ 36·4<}o)' Cupric su lphate oxidation gave 16 % yield . 
J ,6- J )ichloro_6_nitro -2-styrylpyrimidine 
4,6_Dih:-.,droxy -5-nitro-2-styrylpyrimidinell (2.4 g), phosphoryl chloride (10' 0 ml), and 
.\X-eli lhylaniline (4·0 ml) were refluxed [or 1 hr. The cooled mixture was added to cru hed ice 
and the .olid product was removed. The filtrate was extracted with ether and the extract 
vaporatecl to giv more producL. The combined crude material recrystallized from eth r to 
glvo yellow needle of the dichloropyrimirline, (2·4 g), m.p. 169- 170° (Found: C,48'7; H,2 ' 4; 
1, 14 .2. C12H 7Cl 2 T302 r quires C, 4 ·7; H. 2·4; N,14·2%). 
l_AIn?'no_6_chlm'o-5-nitro-2-styrylpyrimidine 
Methanolic ammonia (2· 0 ml, saturated at 25°, and subsequently diluted to 5· 0 ml) was 
added in drop to a stirred suspension of the above dichloropyrimidine (1·7 g) in ether (20 ml) 
at room temperature. A[ter 2 hr the olid was removed and washed with eth yl acetate and 
then eth r. The filtrate and washings were evaporated to dryness, giving the aminochloropyrimidine 
(1.3 g), m.p. 196- 19 ° (from ether) (Found: C, 52 ·1; H, 3·1; N,20·2. C12H 9CIN40 2 requires 
C', 52·1; H,3·25; ,20,3%). 
4-A mino- 6 -hyclmzino- 5 -nitro-2- tyrylpyrimidine 
The above aminochloropyrimidine (1 ·0 g) and 98% hydrazine hydrate (1·0 g) were 
tirr d in refluxing ethanol (100 mI) [or I hr. The resulting hydrazinostyrylpyrimidinl3 (0·53 g) 
had m.p. 212- 214° ([rom ethanol) (Found: C, 52·95; H,4'4; r, 30·75. C12H 12 S02 l' quires 
, 52.9; H, 4·4; N, 30·9%). The hydrochloride hydrate formed pale yellow needles (from 
dilute hydrochlori acid), m.p. 194-197° (Found: C, 44·2; H,4·6; N, 25·2. C12H 1SCL 60 3 
require C, 44·1; H,4·6; N,25·7%). 
4-Amino-5-nitTo-2- lyr'ylpyrimidine 
(i) The above hydrazino derivative (1·0 g) and silver acetate (3·8 g) were stirred in boiling 
wat r (50 mI) for 2 hr. The olid wa extracted by ethanol in a r::loxhlet apparatus. Evaporation 
of the extract, and 'uhsequent recr 'stallization of the residue from methanol, gave a product 
(:..1 %) id ntical with the Rtyrylpyrimidin below in melting point, i.r. spectrum, and paper 
chromatogra phy . 
(ii) 4_Amino _2_methyl-5-nitropyrimidine (0·44 g), benzaldehyde (4' 0 ml), and piperidine 
(2. 0 mI) were heated at 95° for 90 min and then at 150° [or ] 5 min. The cooled mixture was 
diluted wilh methanol (10 ml) and ether (lO ml). Refrigeration gave the styTylpyrimidine (0·48 g), 
m.p. 227° ([rom methanol) (Found: C, 59·4; H, 4·25; N, 23 ·15. C12HION402 requires C, 59·55; 
H,4'1; ,23·1%). 
4_Hydrazino-6-methoxy-5-nitropyrimidine 
olution of 9 % hydrazine hydrate (2· 7 rol) in 95% ethanol (50 ml) wa added dropwise 
to a tirred solution of 4_chloro_6_methoxy-5-nitropyrimidine7 (5·0 g) in 95% ethanol (200 ml) 
maintained at _ 0. fter 30 min, the yellow hydmzinopyrimirline (3·6 g) was filtered off and 
recry tallize 1 [rom 95% ethanol. It d composed at about 154-155° when the bath was preheated 
to 140° (Found: ,32,3; H,4'0; ,37" CSH7 S03 requ ire C, 32·4; H, 3·8; N,37·8%). 
\Vhen 4,6_dill1ethoxy -5- nitrop)'rimidine wa treated similarly at 25° with only I mole of 
hydrazine hydrate in elhanol or tetrahydrofuran, the only isolatable product was 4,6-dihydrazino-
5-nitropyrimidin , m.p. 200° (lit. s 203°). 
4-M ethoxy-5 -nitropyrimirline 
The abov hydrazino derivative (1·55 g), ilver oxide (6·0 g), and anhydrou methanol 
(350 ml) wer stirr <l at c. 25° for 2 hr. The oily reo idue from evaporation under reduced pre ure 
11 Brown, D. J., England, B. T., and Lyall, J. 1., J. chent. Soc. C, ]966,226. 
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was extracted with boiling light petroleum (b.p. 60-80 , 4 X 100 ml) and concentration gav 
colourless methoxynitropyrimidine (62 °0)' m.p. 39- 40° (from light petroleum) (Found: C, 38·9; 
H, 3·4; N, 26·7. CsH sN 30 3 requires C, 38·7; H, 3·25; N,27·1 0,0)' 
5.Amino-.J-lnethoxypyrimidine 
The above nitropyrimidine (0· 13 g) was hydrogenated at atmospheric pressure in methnnol 
over Raney nickel. The filtered solution was evaporated to dryness and the residue waR recry::;to.l-
lized from light petroleum (b.p. 40- 60°) to give the 5-amino derivative (67°'0)' m.p. 71-73° 
(cf.lit.s m.p. 61-63°) (Found: C,47·6; H, 5·6; N, 33·4. Calc. for C6H 7N 30: C,48'0; H,5.6; 
N, 33·6%). 
4-t-Butylamino-5-nitropyrimidine 
4-Methoxy-5-nitropyrimidine (1'90 g), t-butylamine (2, 0 ml), and methanol (50 ml) 
were refluxed for 3 hr. The residue from evaporating the methanol in vacuo gave some crystallino 
material on refrigeration. This was removed and d ist illation of the filtrate gavo the t-butyl-
aminopyrimidinp (90%), b.p. 80-83°/0·2 mm and m.p. 34° (Found: C,48'8; H, 6·2; N,28·2. 
CsH12N402 requires C, 49·0; H, 6·2; N, 28'55%). The picrate had m.p. 132 134° (from 95% 
ethanol) (Found: C,39'5; H,3 '55; N,23·05. CuH15N709requiresC,39·85; H,3·7; N,22·6%). 
4,5-Diamino-2-styrylpyrimidine 
4-Amino-5-nitro-2-styrylpyrimidine (0·26 g) was shaken with a mixture of concentrated 
hydrochloric acid (2·0 mI) and stannous chloride dihydrate (2·0 g), first for 10 min at 25 c , and 
then at 95- 100° for 10 min. Addition of an excess of 2N sodium hydroxide gave a solid product 
which was purified by dissolution in hot dilute hydrochloric acid and addition of ION sodium 
hydroxide until alkaline. The rather hygroscopic diarnine (0·12 g) had m.p. 191- 193° (Found: 
C, 66 · 35; H, 5'7; N, 25·55. C12H 12N 4,0·25H20 requires C, 66 ·5; H,5'8; N,25·85%). 
2-Styrylpteridine 
4,5-Diamino-2-styrylpyrimidine (0, 23 g) and glyoxal monohydrate (0·08 g) were shaken 
in ethanol (40 mI) at 25° for 2·5 hr. The sticky residue from evaporation in vacuum wa 
chromatographed on alumina and elution with benzene gave the pteridine (0·01 g), m.p. 136° 
(Found: C,69·0; H,4·4; N,22 · 7. C14HION4,0'5H20 requires C, 69·1; H, 4 · 6; N, 23·0%). 
6,7 -Dimethyl-2-styrylpteridine 
The same diamine (0·09 g) and biacetyl (0, 25 mI) were heated under reflux for 1 hr in 
ethanol (25 ml). The filtered solution was evaporated to dryness and the residue recrystallized 
from ethanol to give the dimethylpteridine (0'075 g), m.p. 183° (Found: C, 71·0; H, 5·55; 
N, 20·8. ClsH14N4,0·5H20 requires C, 70·85; H, 5·6; N,20·65%). 
4,5-Diamino-6-chloro-2-styrylpyrimidine 
4-Amino-6-chloro-5 -nitro -2-styrylpyrimidine (5'0 g) was reduced as above with ION 
hydrochloric acid (20 ml) and stannous chloride dihydrate (4·3 g). The diu mine (4'3 g) formed 
deep yellow crystals, m.p. 232- 234°, from methanol (Found: C, 59·0; H, 4 ·6; N, 22·35. 
C12H llCIN4 requires C, 58'4; H ,4'5; N, 22'7%). Dissolution in warm methanol containing 
a little hydrochloric acid gave the hydrochloride, m.p. 277- 279° (Found: C, 50·8; H, 4·2; 
N, 19 ·8. C12H12C12N4 requires C, 50·8; H,4 ·25; N,19·8%). 
4-Chloro-6, 7 -dimethyl-2-styrylpteridine 
The above diamine (0, 25 g) was refluxed with biacetyl (0'5 ml) in ethanol (50 ml) for 
1 hr. Refrigeration of the filtered solution gave the chloropteridine (0·15 g), m .p. 208° (dec.) 
(Found: C, 64·25; H,4'4; N, 18 ·9. C16H13ClN·4 requires C, 64·75; H,4 '4; N, 18 ·0%). 
4,5-Diamino-2-phenethylpyrimidine 
4,5-Diamino-6-chloro-2-styrylpyrimidine (0·5 g), 98% hydrazine hydrate (1· 0 ml), 10 % 
palladized strontium carbonate (1·0 g), potassium hydroxide (5 · 0 g), and othanol (150 ml) wor 
jl 
ji 
, 
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r (lux d for 30 min. The . olid was fi ltered off and wa hed with water (100 mI) and ethanol. 
Th filtrate and wa8hing~ were concentrated under reduced pres ure and a tream of carbon 
dioxid was introduced into the warm olution to neutralize the a lkali. Gummy material was 
r mov d at once, and on chilling, the yellow phenethylpyrimidine (0' 24 g) crystallized. It had 
m.p. ]6 163° (Found: C, 67·0; H , 6·9; ,25·6. C12H 14N 4 requires ,67,25; H, 6·6; 
, 26. 1 %). Th same tarting material wa unaffected by refluxing with palladized charcoal 
and t hanolic hydrazine for 30 min. 
4(5).Amino.5( 4).benzylideneamino.2.methylpyrimidine 
4,5. Diamino . ~.methylpyrimidinelo (0· 3 g), benzaldehyde (2· 0 ml), a nd piperidine (1· 0 ml) 
were heated at 95° for 1 · 5 hr and then at 150° for 10 min. The cooled mass was recrystallized 
from light p t roleum a nd then chromatograph ed on alumina. Elution with benzene/chloroform 
(1 : 1) gave th benzylideneamine,m.p.187-1 9° (frombenzene)(Found: C,67'7; H ,5'9; N,26·8. 
('12H 12 4 require ,67,9; H, 5·7; N,26·4%). 
5_Acetamido-4-amino-2-methylpyrimidine 
In an attempted bromination, 4,5.d iamino.2.meth ylpyrimidine1o (0·49 g), anhydrous 
sodium acetate (0· 6 g), acetic acid (10 ml), and acetic anhydride (2·0 ml) were h eated at 55° 
while bromine (0· 3 ml) in acetic acid was added. After 1 hI', the mixture was concentrated, 
treated with cru hed ice, and m ad e alkaline with sodium h ydroxide. After further concentration, 
r frigeraLion gave the 5-acetamido derivative (0·28 g), crystallizing from water as the dihydrate 
(Found: C, 41 ·9; H, 6 ·9; N,28·0. C7H 14N 40 2 requ ires C, 41 · 7; H, 7·0; N, 27·7%) with 
ultraviolet ab -orption maxima in pH 7 buffer at 27 a nd 232 m,.,. (cf. 4.amino-5-formamidopyrim. 
idine: 12 279, 233). 
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PYRIMIDINE REACTION 
XVI. * THERM L RE RRA GEME IT OF 
. B TITUTED 2- A D 4-ALKOXYPYRIMIDINE 
By D. J. BROW t and T.-C. LEEt 
[Manuscript received May 17, 1967J 
Summary 
Th rmal rearrangement of methyl, bromo, and nitro derivatives of 2- and 
4-alkoxypyrimidines produced their N-alkyl isomers. The e were identified by 
p.m.r. pectral comparison with synthetic specimons of unambiguous or proven 
structure. Th rates for such isomerizations were mea ured conveniently by changes 
in ultraviol t pectra. The C-methyl derivatives rearranged more slowly than the 
parent alkoxypyrimidines, but the bromo, and especially the nitro, derivatives did 
so much more quickly. Among the derivatives of each methoxypyrimidine, the 
rate of rearrangement increased as the ba ic pK a value fell and as the methoxyl 
proton moved downfield, thus affording a qualitative correlation with properties 
reflecting the electronic effect of each ubstituent. 
INTROD UOTIO 
The th rmal i omerization of simple 2- and 4-alkoxypyrimidines (I and III; 
R' = H) into l-alkyl-l,2-dihydro-2-oxopyrimidines (II; R' = H) and l-alkyl-l,6-
dihydro-6-oxopyrimidine (IV; R' = H) respectively, has been studied recently on 
a quanitative ba i .1,2 Such rearrangements are accelerated mildly in the presence 
of organic ba e , but the rates fall off steeply with increase in size of the alkyl group. 
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(V) (VI) 
* Part V Aust. J. Chern., 1967, 20, 104l. 
OR Rt) 
(Ill) 
R~N 
R,)l) 
I 
Ie 
(VII) 
~ /)Ie 
)lN~~~J Me 
(V Ill) 
t partment of Medic 1 hemi try, John Curtin chool of Iedical Re earch, anberra, 
A .. T.2600. 
1 Brown, . J., and Fo t r, R. V., J. chent. Soc., 1965, 4911. 
2 Brown, D. J., and Fo ter, R. V., Au t. J. Chern., 1966, 19, 14 7. 
Aust. J. Chern. , 196 , 21, 243-55 
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TABLE I 
PROTON ::-'L'\"G~ETIC RESON.·\.KCE SPECTRA IN DEUTEROCHLOROFOR\1 
5.Bromo.I,2.dihydl'o·I.methyl.2.oxo· * 
5.Bromo·l,6.dihydro.l-methyl-6-oxo. 
5-Bromo-2-ethoxy-
5·Bromo.l.ethyl-l,2-elihy<11'0.2.oxo.* 
5-Bromo-2-methoxy-
5·Bromo-4-methoxy-
1 ,2-Dihydro-I ,4-dimethyl-2·oxo-
I ,2-Dihydro-I.5-uimethyl.2.oxo- * 
I ,2-Dihydro-l ,6.dimethyl-2-oxo-
I ,4-Dihydro-l ,5-dimethyl-4-oxo-
1 ,6-Dihydro-l ,2-dimethyl-6-oxo-
1 ,6-Dihydro-l ,4-dimethyl-6-oxo-
I,6-Dihydro-I,5-dimethyl-6-oxo-
1 ,2-Dihydro-l-methy 1-5·nitro-2-oxo- * 
I.6-Dihydro- l -methyl-5-nitro-6-oxo-
1,2-Dihydro- I,4,6-trimethyl-2-oxo-
2-Ethoxy-4-methyl-
2-Ethoxy-5-methyl-
2-Ethoxy-5-nitro-t 
I-Ethyl-l,2 -dihydro-4·methyl-2-oxo-
I-Ethy l-I ,2-dihydro-5·methyl-2-oxo- * 
I-Ethy l-I,2-dihydro-6-methyl-2·oxo-
I-Ethyl -l,2 -d ihydro-5-nitro-2-oxo· * 
2-Methoxy-
4.Methoxy -
2-Methoxy-4-methyl-
2-Methoxy-5 methyl-
4-Methoxy-2-methyl-
4-Methoxy-5-methyl-
4-Methoxy -6-methyl-
2-Methoxy·5-nitro-
4-Methoxy-5·nitro-
S-:\1c: s, 6·36; Ho: <1,2'03; II·!; el, 1 ·23 (Jm 4 c s) 
1\le: s,6'34o; II2: s,I'u30rl'75; lI4o: ::;, 1·750rI ·6'-:: 
f3-"}.le: t, 8'56; CH 2 : q, 5·,')1 (J 7 cis); H4o +Ho: 
, 1·31 
1\le: t,8'38; CH 2 : q, 5·99 (J 7 cis); H6: el, 2·0~: 
H4: d, 1 ·36 (Jm 4 ci s) 
O:\le: s,5'92; H4+H6: 8,1,33 
01\le: s, 5·86; H 0: s, 1·30; II 2: s, 1 ·20 
4-Me: s, 7·62; .S -1\1e: s, 6·42; II 5: d, 3·72; H \): 
d, 2· 27 (J 6 c s) 
5-1\1e: s, 7·86; N·1\le: s, 6·40; lI6: s, 2·40; H4: 
s, 1 · 35 
6-Mo: s, 7·61; N-Mo: s, 6'43; II5: <1,3'80; H4: 
d, 1· 54 (J 4 cis) 
5-l'Io: b, 7·95; N -1\l e: s. 6·31; H 6 : b, 2·6 
(JS' Me to liS 1 cis); H2: <1,1'81 (Jm 3 c/'S) 
2-Me: s, 7·42; N -l\Ie: s, 6· 40; II 5: d, 3 · 55; H 4: 
d, 2·10 (J 6 cIs) 
4-Me: s, 7·66; .N-Me: , 6· 44; H [): s, 3· 60 
5-Mo: s, 7·89; -1\1e: , 6· 40; H 4: s, 2· 10; H 2: 
, 1 · 84 
N-Me: s,6'40; H6: <1,0'64; H4: d, 0·37 (Jm 4 cis) 
Me: s, 6·20; H2: s, 1 ·21; H4: s,0'()5 
4- or 6-1\1e: b,7'66; 6- or 4-1\10: b,7'62; -Mo: 
,6,41; H5: b,3'81 (Jlc/s) 
f3-Me: t. 8'52; 4-Me: s, 7'51; CH2 : q, 5·46 (J 7 cis); 
H5: d, 3·05; H6: d, 1 ·45 (J 6 cis) 
f3-Mo: t,8'57; 5-Me: s, 7'75; CH2 : g, 5'55 (J 7 cis); 
H 4 +H 6: s, 1· 53 
Ie: t, 8'48; CH2 : g, 5·31 (J 7 cis); H4 + H6: s,0'50 
f3-Me: t,8·60; 4-"}.le: s, 7'58; CH 2 : g, 5·95 (J 7 cis); 
H5: d, 3·63; H6: d, 2·25 (J 6 cIs) 
f3-Me: t, 8·60; 5-~le: s, 7·85; CH2 : q, 6 ·02 (J 7 cis); 
H 6: el, 2·38; H 4: d, 1 · 48 (J m 3 cis) 
f3-Me: t, 8·63; 6-1\1e: s, 7·55; CII2 : q, 5·86 (J 7 cIs); 
H5: d, 3'77; H4: d, 1 ·5 1 (J 5 cis) 
Mo: t, 8'47; CH2 : q, 5·84 (J 7 cis); H6: el,I'O:3; 
H4: d, 0'53 (Jm 4 cis) 
01\le: s,,5'91; H5: t,2·91; lI4 + H6: <1,1'28(J6c/s) 
OMe: s, 5·01; H5: bd, 3·10; H6: cl, 1 ·35 (J 7 c/'S); 
H 2: s_ 1·01 
1\le: s, 7·60; OMe: s, 6· 10; H 5: d, 3·23; II 6: el, 1 ·69 
(J 6 cis) 
Me: s, 7·80; OMe: s, 6·08; H4 + II6: s,I'70 
Me: s,7·36; OMe: s,6·00; H5: el,3'3S; H6: el,I'5 
(J 6 cIs) 
Me: s, 7·81; OMe: s, 5'!) 1; H 6: H, 1 . 61; II 2: s, 1 ·2 1 
Me: s, 7·52; 01\le: s, 6·00; ILl: s,3'34; H2: s, I'20 
OMe: s, f)'80; lI4+II6: 5,0,60 
O"}'le: s, 5· 73; H 2: s, 1·00; H 6: s, 0·7 
* H 4/H 6 assignment unproven but consistent with Chlt!t of BaUerhmn, T. J., Brown, D. J ., 
and Paddon·Row, M. N .. J. chem. Soc. (B), H)67, 171 . t In ION DCI/D 20. 
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In the pre nt pap r we record the if <.:t of nuclear ubstituent on these rates 
and (wh re applicabl ) on the orientation of the re ulting N -alkylpyrimidine. 
Y THE ES 
Each alkoxypyrimicline was prepared by treating the corresponding chloro 
(1 rivativ with odium alkoxide. Thu 2-methoxy-5-methylpyrimidine (I; R = 
R' = M ) and it othoxy homologue wer made from 2-chloro-5-methylpyrimidine 
which wa pr pared either by partial dechlorination (cf. 3 ) of 2,4,6-trichloro-5-
methylpyrimidin , or better, by primary ynthesi of 2-hydroxy-5-methylpyrimidine 
(I; R = H, R' = Me) followed by treatment with phosphoryl chloride. 5-Bromo-
2-chloropyrimidin 4 and 4-chloro-5-m thylpyrimidine5 imilarly gave 5-bromo-2-
thoxypyrimidin (I; R = Et, R' = Br) and 4-methoxy-5-methylpyrimidine 
(III; R = R' = Mo) r pectively. The following alkoxypyrimidines were made by 
known m thods: 2-methoxy-4-methyl-,6 2-ethoxy-4-methyl-,7 5-bromo-2-
methoxy-,8 2-metho y-5-nitro-,8 2-ethoxy-5-nitro-,9 4-methoxy-2-methyl-,lO 4-meth-
oxy-6-m thyl- ,6 5-bromo-4-metho y_,8.11 and 4-methoxy-5-nitro-pyrimidine.12 
The pot ntial products from rearrangement of the above alkoxypyrimidines 
w r made indcp ndently. Thu methylation of 2-hydroxy-4-methylpyrimidine gave 
1,2-dihydro-l,4-dim thyl-2-oxopyrimidine (V; R = Me),8 confirmed in structure 
by differing from it i om r (VI; R = Me, R' = H), which was prepared unambigu-
ou ly by de. ulphurizing 1,2-dihydro-l,6-dimethyl-4-methylthio-2-oxopyrimidine 
(VI; R = M ; R' = Me) of prov n13 orientation, and also more conveniently 14 
by conden ing 1,l-dimethoxybutan-3-one with N-methylurea. The ethyl homologues 
(V; R = Et) and (VI; R = Et, R' = H) were made imilarly. 1,2-Dihydro-I,5-
dim th l-2-oxopyrimidine and it I-ethyl homologue (II; R = Et, R' = Me) were 
f rm d without ambiguity by condensing 1,1,3,3-tetraethoxy-2-methylpropane15 
with N-methyl- and N- thyl-urea respectively. The 5-bromo-I-ethyl-I,2-dihydro-
2-oxopyrimidin (II; R = Et, R' = Br) was made by ethylation of 5-bromo-2-
hydroxypyrimidin.16 imilar methylation of 5-bromo-4-hydroxypyrimidine gave a 
pr duct,8 known to be 5-bromo-I,6-dihydro-I-methyl-6-oxopyrimidine (IV; R = Me, 
R' = Br) only aft r it unambiguou synthe i from 1,6-dihydro-I-methyl-6-
3 G rngross, 0., B er. elt. chem. Ges., 1905, 38,3391. 
4 Brown, D. J., and Lyall, J. 1\1., Au t. J. Chem., 1964, 17, 794. 
6 VancLorhaeghe, H., and lae n, :\1., Bull. oc. chim. Belg., 1957, 66, 276. 
6 l'Iar 'hall, J. R., and Walker, J., J. chen/, . Soc., 1951, 1004. 
7 l\Iat snkawa, T., ano • 'irakawa, I ., J. pharm. oc. J apan, 1951, 71, 1313. 
8 Brown, D. J., and Fo ter, R. V., Au t. J. Chem., 1966, 19, 2321. 
9 Hopkin~, . ., Jonak, J. P., Ti ckelmann, H., and l\linn meyer, H. J., J. org. Chem., 
1966, 31, 3n69. 
10 Pfleiderer, \Y., ano :\losthaf, H ., hem. Be?'., 1957, 90 , 72 . 
11 Yan 0 r PIa., H. C., and Geurts n, ., Tetrahed?'on Lell., 1964, 2093. 
12 Biffin, 1'1. E. ., Brown, D. J ., and L e, T.-C., Au t. J. Chent., 1967, 20, 1041. 
13 \\11 leI', H. L., ano :\lcFarlano, D. F., Am. chem. J., 1909, 42, 431. 
14 Brown, D. J., Hnd P addon· Row, 1'1. T., J. chem. ~c. (C), in pre . 
15 Protopol OVH, T. Y., I limko, Y. T., and 'kaldinov, A. P., Khim. Naulca Prom., 1959 , 
4, 05 ( hem. Ab lr., 1960, 54 11037). 
IG ro-by, D. ., and Berthold, R. V. J. org. Chem., 1960, 25 , 1$)10. 
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oxopyrimidine17 by bromination. Methylation of 4-hydroxy-5-methylpyrimidine5 
gave a separable mixture of the N-methyl derivatives. One of these, 1,6-dihydro-
1,5-dimethyl-6-oxopyrimidine (IV; R = R' = Me), ,,,as made unambiguously by 
desulphurizing its 2-ethylthio derivative18 of kno','TI structure, thus also confirming 
the orientation of the isomer (VII; R = Me, R' = H). Other oxopyrimidine 
prepared by known routes include: 1,6-dihydro-l,2-dimethyl-6-oxo-,10.19 1,2-dihydro-
I-mC'thyl-5-nitro-2-oxo-,20 5-bromo- l ,2-dihydro-1-methyl-2-oxo-, 8 1-ethyl-1 ,2-
dihydro-5-nitro-2-oxo-,9 and 1 ,6-dihydro-l ,4-dimethyl-6-oxo-pyrimidine.6 The last 
compound (VIII), described6 only as a "preferred structure", is now confirmed in 
orientation by the fact that the p.m.r. peak representing the C-methyl group in th 
cation (5N DCI/D20) has the same chemical shift (T 7·45) as that in 4-hydroxy-v-
methylpyrimidine cation. In the cation of the alternative isomer (VII; R = H, 
R' = Me), the peak would be shifted c. 0·1 p.p.m. downfield by the juxtaposition 
of the methyl groups.14.21 (This phenomenon is not observed in deuterochloroform 
solutions of the neutral molecules: the chemical shifts shown in Table 1 for th 
C-methyl protons of the above isomers are virtually the same; those for the 4-
and 6-methyl protons in 1,2-dihydro-l,4,6-trimethyl-2-oxopyrimidine (VI; R = 
R' = Me) differ at most by 0·04 T.) 
Several aryloxypyrimidines and potentially derived compounds, made in 
collaboration with Dr R. V. Foster for an abandoned facet of this work, are recorded 
in the experimental section and in Table 2.22- 24 
RESULTS AND DISCUSSION 
The identities of N -alkyl isomers, thermally produced from alkoxypyrimidines, 
were confirmed by comparing the p.m.r. spectra of reaction mixtures with those of 
authentic samples (Table 1) . During the fraction of each reaction studied (see Tables 3 
and 4) the p.m.r. spectra of each mixture remained clear and uncomplicated by peak 
representing by-products: for example, a mixture of 4-methoxy-5-methylpyrimidin 
(1 mole) and triethylamine (5 mole), after heating at 1500 for 2 days and having 
most of the triethylamine removed in a vacuum, showed a p.m.r. spectrum consisting 
only of the peaks (all sharp) representing (see Table 1) starting material (c. 70%), 
1,6-dihydro- l ,5-dimethyl-6-oxopyrimidine (c. 30%), and a small amount of triethyl-
amine. In some examples (sec Experimental section), the N-alkylpyrimidine wa 
isolated and its identity reconfirmed by mixed m.p. or other means, but yields of 
17 Brown, D. J., Hoerger, E., anclMason, S. F., J. chem. Soc., 1955, 211. 
18 Johnson, T. B., and Clapp, S .. H., J. biol. Chem., 1908, 5, 49; Wittenberg, E., Chem Ber., 
1966, 99, 2380. 
19 Curd, F. H. S., and Richardson, D. N., J. chem. Soc., 1955, 1853. 
20 Qtempel, L. M., Brown, G. B., and Fox, J. J., Abstr. 145th Meeting Am. chern. :soc., 
p. 14-0 (Xew York, Sept. 1963). 
21 Batterham, T. J., Brown, D. J. , and Paddon-Row, M. N., J. chem. Soc. (B), 1967, 171. 
22 Brown, D. J., and Harper, J. S., J. chern. Soc., 1963, 1276. 
23 Chesterfield, J., McOmie, J. F. W., and Sayer, E. R., J. chem. Soc., 1955, 347v. 
24 Albert, A., and Serjeant, E. P., "Ionization Constants of Acids and Bases." (Methuen: 
London 1962.) 
PYRIMIDI E REA TIO J . XVI 247 
pure materials were naturally low on account of experimental difficulty in compl tely 
. parating th 0- and N-alkyl i omer pre ent without re ort to gas chromatography 
which obviou ly wa precluded. Of the 2-alkoxypyrimidine rearranged (see Table 3) 
only 2-m thoxy-4-methylpyrimidine could give two N-all{yl i omer . However, the 
,iugl product (V; R = Me) wa apparently uncontaminated by any of the i omer 
(VI; R = M , R' = H). 
On the other hand, all the 4-methoxypyrimidines in Table 4 could give two 
product, and one of them did o. Thus 4-methoxy-5-methylpyrimidine (III; 
R = R' = M) gav mainly the i omer (IV; R = R' = Me) resulting from 
a-migration of the methyl group, but al 0 a little of the isomer (VII; R = Me, 
R' = H). In th other examples, no such product of y-migration could be detected, 
although the ar not uncommon in eries wher a-migration i impos ible. 25 
Rate of i omerizations were measured spectrometrically by following the 
di appearanc of alkoxypyrimidine, a described previously.? Many of the reactions 
w re 0 low that general darkening of the mixture began to interfere with measure-
m nt at 10- 50% completion. Therefore, no attempt was made to follow reactions 
b yond the tage recorded in Table 3 and 4. Within this limitation, strict first-order 
plot were obtain d, and (from what ha been said above) the c mu t represent the 
rate for i om rization of alkoxypyrimidines into their corre ponding .iY -alkyl 
i orner. orne rearrangement were immeasurably slow, even in the presence of 
triethylamine; when no appreciable change had occurred after heating for 7 days, 
i omerization was recorded in Tables 3 or 4 as "very slow". 
It i evid nt from the tabulated rate constant that the rearrangement of a 2- or 
4-alkoxypyrimidin i r tarded by an added C-methyl group, but facilitated by a 
5-bromo or 5-nitro ubstituent. The nitro group is particularly effective: for 
ample, 2-ethoxy-5-nitropyrimidine at 800 rearrange 40 timcs as quickly as 
2- thoxypyrimidine at 2400 , a more than 100,000-fold differential in rates. It al 0 
em ignificant that a 2-, 4-, or 6-methyl group a or y to the ring nitrogen atoms 
had more r tarding if ct than a 5-methyl group located f3 to uch atoms; and that 
during r arrang m nt of 2-metho y-4-methylpyrimidine, the methyl group migrate 
e, clu ively to th more lectron-defici nt nitrogen atom, N 1. These ob ervations 
ugge t that th important effect of an added group is in modifying electron den ity 
of the ring nitrog n atom by electron r lea e or electron withdrawal transmitted 
m om rically and/or inductively. Th direct effect on the alkoxy group, vident 
in profound acti ation (or othcrwi e) of alkoxypyrimidin towards nucleophilic 
attack wh n group are add d,2,8 may have minor revelance in rearrangement. 
Att mpt to correlate the Hammett' sigma constant for the ubstituent 26 
with i omerization rat were un ati factory, whether the alkoxy group, ring nitrogen, 
l' a four- ntr ompl wa a umed a a ite of reaction. However, there wa a 
ignificant qualitativ correlation (Table 5) between th chemical shifts for the 
25 Raiting r, L., and Li b n, ., ~Jh. Chern., 1 5, 6, 279; Beak, P., and Bonham, J., 
hem. ommun., H166, 631; Me)' r, R., ber. E. Akad. TViss. ll'ien, Abt. IIb, 1906, 
11 5, 79. 
26 Jaffe, R. R., hem. Rev., 1953, 53, U)l. 
TABLE 2 
IONIZATION CONSTANTS AND ULTRA VIOLET SPECTRA 
Pyrimidine pKa.* Arna.x (log elt 
5-Amino-4-methoxy_12 280(3 -73), 242(3 -95) 
caLion 4-27 ± 0-05 (263) 280(3-81),263(4-00) 
5-Bromo-l,2-dihydro-l-methyl-2-oxo- 326(3-43),225(4-00) 
ation 0-55 ± 0-03 (335) 346(3 -55), 224(3 -96) 
5-Bromo-] ,8-dihydro-l-methyl-6-oxo- 8 283(3 -77), 236(3 -60) 
cation 0- 14 ± 0-06 (248) 277(3 -78), 245(3 -71) 
5-Bromo -2-ethoxy- 286(3-50),220(4-12) 
cation 
- 0 -42 ± O -07 (305) 305(3 -62), 225(4 -16) 
5-Bromo-l-othyl-l,2-dihydro-2-oxo- 327(3 -60), 227(4 -09) 
cntion 0-62 ± 0-05 (347) 347(3 -73), 224(4 -14) 
5-Bromo-2-hydroxy_16 322(3-54),222(4-16) 
cation 0-44 ± 0-02 (350) 343(3-65), 220(4-19) 
anion 7 -3622 311(3-55),228(4-18) 
5-Bromo-4-hydroxy_23 305(3-08),283(3-67),275(3-71),233(3-72) 
cation 0- 43 :1: 0 -03 (246) 273(3 -73), 241(3 -80) 
anion 7-15 ± 0-04 (305) 292(3-37),277(3-69),240(3-80),234(3-85) 
-Bromo-2-morcapto- 8 368(3-24),290(4-31),243(3 -55) 
cation - 0-43 ± 0-03 (310) 411(2-99),296(4-43) 
anion 5-47 ± 0-05 (300) 33,](3-11),280(4-28) 
5-Bromo-4-mercapto-8 338(3 -86), 288(3 -96) 
cation -0-46 ~ 0-04 (310) 309(4 -14), 218(3 -93) 
anIOn 5-60 ± 0-02 (350) 308(3 -90), 284(3 -93), 225(3 -90) 
4-t-Butylnmino- 274(3-59),246(4-19) 
cation 6-58:1: 0 -04t 258(4 -22) 
I-But~ 1-1 ,2-dihydro-2-oxo-1 304(3 -72), 215(3 -90) 
cation 2-76 :£ 0-05 (330) 315(3 -85) 
l-s- But~-1-1 ,2-d ihydro-2-oxo-1 305(3 -73), 216(3 -86) 
cation 3 -00 1:0 -05 (330) 316(3 -84) 
l -l- Butyl-1.2-dihydro-2-oxo-1 305(3 -70), 218(3 -84) 
cation 3-58 ± 0-04 (330) 315(3 -87) 
1 ,2 -Dthydro-l ,5-dimethyl-2-oxo- 312(3 -66), 218(4 -03) 
cation 2-62~0-04 (328) 328(3 -77), 221(3 -72) 
-
pH or Ho 
7 -0 
0-0 
4 -0 
2-0 
4-0 
2-0 
7 -0 
2 -0 
7 -0 
2-0 
4 -0 
- 2-2 
10 -0 
4 -0 
2-4 
10-0 
3-0 
-2- 6 
8-0 
3 -0 
- 2-6 
8-0 
10 -0 
3 -0 
7-0 
0-0 
7-0 
0-0 
7-0 
0-0 
7-0 
0 -0 
t>:) 
,po. 
t) 
c:..., 
~ 
0 
~ 
L. 
t) 
1-3 
~ (Ij 
t:z:j 
.... 
r--
~  
\ ~ ' :!. \ >.\.y .. \ ..... \ .... \ •.• ,. ".'V\ 
,.,'-, . ..; ........ 
1,2-Dihydro-l ,6-dimethyl-~-oxo­
cation 
1 ,4-Dihydro-l ,5-dimethyl-4-oxo-
cation 
1 ,6-Dihydro-1 ,5-dimethyl-6-oxo-
cation 
1,2-Dihydro-l-isobutyl-2-oxo-
cation 
1,2-Dihydro-l-isopropyl-2-oxo- 1 
cation 
1,2-Dihydro-2-oxo-l-propyP 
cation 
2-Ethoxy-5-methyl 
ation 
2-Ethoxy-5-nitro-
1-Ethyl-l,2-dihydro-5-methyl-2-oxo-
cation 
l -Eth yl-l,2-dihy dro -6-methyl-2-oxo-
cation 
l -Ethy l-l,2-dihy dro-2-oxo- 1 
cation 
2-Hexylamino-4 
cation 
4-Hydroxy-5- m ethyl 
cation 
anion 
4-Mercapto-2,6 -dimethyl-8 
cation 
anion 
2-Methoxy-5-methyl 
ation 
4-Methoxy-5-methyl -
cation 
\ 
-
14) 4.) . & (:&ac ) 
;.! C ~ ~ , 4. 4. • . & (! t. !"!! H ) 
3-38 ± 0-07 (310) 
2-49 ± 0 -04 (250) 
2 -23 ± 0-05 (270) 
2-75 ± 0 -05 (330) 
2-93 ± 0-05 (330) 
2-75 ± 0-05 (330) 
1-75 ± 0-04 (287) 
- § 
2-80 ± 0-02 (328) 
3-47 ± 0-04 (330) 
2-65 ± 0-04 (330) 
4-18 ± 0-05 (243) 
2-34 ± 0-05 (270) 
9-12 ± 0-07 (280) 
1 -80 ± 0-02 (296) 
8-13 ± 0-02 (338) 
1-67 ± 0-10 (285) 
3-62 ± 0 -06 (250) 
I :4 I ... ( . t. r--o.7) :t. I -! (:t. ~ \4 \). ~~ I H( • :t. ".': H (!'J. -7 7 ) :~ ~ , (:1 '7.) 
304(3-74),216(3 -88) 
310(3-81) 
247(4 -07) 
256(3 -65), 238(3 -96) 
270(3 -72), 226(3 -76) 
258(3 -66), 235(3 -90) 
304(3-71),215(3-91) 
315(3 -85) 
304(3 -71), 215(3 -81) 
317(3 -87) 
304(3 -72), 215(3 -93) 
315(3 -84) 
276(3 -62) 
287(3 -74) 
274(4-12) 
314(3 -72), 219(4 -07) 
328(3 -80), 212(4 -04) 
305(4 -16), 218(4 -22) 
311(4 -21) 
304(3-71),215(3-91) 
314(3 -85) 
307(3 -38), 236(4 -21) 
317(3-49),229(4-22) 
260(3 -72), 230(3 -79) 
263(3 -70), 231(3 -80) 
267(3 -72), 233(3 -94) 
272(3 -54) 
285(3 -58) 
252(3 -59), 214(3 -75) 
247(3-77) 
/ 
7 -0 
0-0 
7 -0 
0-0 
7 -0 
- 1-0 
7-0 
0-0 
7-0 
0-0 
7-0 
0-0 
7-0 
0-0 
7-0 
7 -0 
0 -0 
7 -0 
1- 0 
7-0 
0-0 
7 -0 
1- 0 
7-0 
- 1-0 
ll-O 
7-0 
0-0 
7-0 
0-0 
* Measured spectrometrically at 20° by methods of Albert and Serjeant ;24 analytical wavelength (mfL) in parentheses_ t In aqueous 
buffer of given pH or H 0; inflections in italics_ :j: Potentiometric titration (1\1/1 000)_ § Rapid hydrolysis precluded measurement. 
t-d 
~ 
~ 
H 
~ 
H 
tj 
H 
~ 
~ 
trj 
> 0 
~ 
H 
0 
Z 
~ 
< H 
t-:) 
>I>-
~ 
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methoxyl protons, the basic pKa values for the methoxypyrimiclines27- 29 (properti 
reflecting the degree of electron depletion, or otherwise, by an added group), and 
the rates of rearrangement. 
TABLE 3 
FIRST-ORDER RATE CONSTANTS FOR REARRANGEMENT OF 2-ALKOXY-4(or 5)-
UBSTITUTED PYRIMIDINE 
O-Alkyl C-Substituent Temp. Anal. A Reaction 10Gk (sec- I )* 
Group (mIL) Followed 
Me 4-Me 2100 266 - very slow 
150 10 % 1·2 
170 56 2·5 
190 41 3·7 
Et 4-Me 210 266 - very slow 
190 - very slow 
Me 5-Me 210 271 - very slow 
150 56 1·4 
170 59 3·0 
190 50 7·4 
Et 5-Me 210 276 - very slow 
190 - very slow 
Me 5-Br 190 287 - dec. 
150 15 5·7 
170 22 34 
Et 5-Br 190 286 - very slow 
Me 5-N0 2 150 272 22 8·4 
170 37 27 
190 44 70 
60 30 6'[) 
70 40 12·3 
80 50 27 
Et 5-N0 2 150 272 10 0·11 
170 10 0·72 
80 37 4·6 
90 70 7·2 
100 70 ]3 ·2 
Me - 150 - 5 0 · 35t 
- 150 - 35 4·5t 
* Results in italics obtained in the presence of 5 molar proporLions of 
triethy lamine. 
t Values for comparison from ref. 1. 
EXPERIMENTAL 
Analyses were done by Dr J. E. Fildes and her staff. Ultraviolet spectra were recorded 
with a Shimadzu RS27 spectrophotometer and peaks were checked wiLh a Hilger Uvi~p('(·. 
Proton magnetic resonance spectra were recorded with a Perkin-Elmer RIO 60-Mc/<; instrumt'll 
at 33· 50 with sodium 3-trirnethylsilylproprane sulphonate as standard. 
27 Mizukami, S., and Hirai, E., J. org. Chern., 1966, 31 , 1199. 
28 Brown, D. J., and ShorL, L. N., J. chern. Soc., 1953, 331. 
29 ("lark, J., and Perrin, D. D., Q. Rev. chem. Soc., 1964, 18, 2()5. 
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TABLE 4 
FIR T-ORDER RATE CONSTA T FOR REARRANGEMENT OF 4-METHOXY-
2(or 5 or 6) - B TITUTED PYRIMIDINE 
ub tituent Temp. 
Anal. A Reaction 106k (sec-1)* 
(mJ.L) Followed 
2-Me 1500 276 10% 0 ·48 
190 10 2·9 
5-M 150 275 29 1 ·3 
190 10 7· 1 
6-Me 150 272 10 0·51 
190 10 3·0 
5-Br 150 287 - very slow 
170 - dec. 
110 20 26 
150 25 380 
5-N0 2 no 328t 16 1· 9 
100 24 4·1 
110 23 9·4 
30 - very slow 
80 - dec. 
- 150 - 15 0·68+ 
- 150 - 30 5·9t 
* R e ults in italics obtained in the pre ence of 5 molar 
proportions of t riethylamine. 
t ppearance of product followed . 
t Figure for comparison from ref. 2. 
TABLE 5 
10 IZ TIO CO TA T, HEMICAL HIFTS OF METHOXYL PROTO S, 
ND ISOMERIZATIO RATES FOR METHOXYPYRIMIDINES 
yrimidine pKa. 
Chemical 106k (sec-1)t 
hift (T)* 
2-M tho -4-m thyl- 2 ·16 6 · 10 3·4 
2- I tho y-5-methyl- 1·7 6·08 7·4 
2- I thox - 1 · 052 5·91 25t 
5- romo-2-methoxy- -0,88 5·92 200t 
2-M thox -5-nitro- -§ 5·80 50000t 
4- l etho y-2-methyl- 4.027 6·00 3·0 
4-M thoxy-6-methyl- 3.76 6·00 3·0 
4-Methoxy-5-methyl- 3·6 5·91 7 ·1 
4- letho 2.528 5·91 14t 
5- 1 · 3 5· 6 6000t 
5·73 30000t 
t t the pre ence of 5 molar proportion of triethyl-
arnin 
t pproximate figure by xlrapolation. 
S Hydrol 'i pr eluded mea urement; < - 1 by calculation 
( 1 rk, J. , and Perrin, D. D., Q. R ev. chem. ac., 1964 18, 295). 
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2-Chloro-5-melhylpyrimidine 
(i) 2,4,6-Trichloro-.3-methylpyrimidine3 (14,6 g) in benzene (50 ml), zinc dust (20 g), an(l 
3N ammonium hydroxide (150 ml) saturated " 'ith sodium chloride, '''ere hel1ted under reflu~ 
with vigorous stirring for 7 hr. Extraction with benzene and distillation of the ext mct ga,' 
2-chloro-5-methylpyrimidine (85°'0), m.p. 92° (lit.3 92· 5°). 
(ii) 1,1,3,3-Tetraethoxy-2-methylpropane15 (23 , 4 g), urea (6·0 g), ION h~'drochloric acid 
(25 ml), and ethanol (50 ml) were heated under reflux on a steam-bath for 1 hr. Refrigern,tion 
gave 2-hydroxy-5-melhylpyrimidine hyrl1'ochloride (74°'0), m.p. > 250° (doc.) after recrystallization 
from ethanol (Found: C, 41·2.); H, 4·8; X, 19·1. C5H 7ClN20 requires C, 4] ·0; H, 4·8; 
, 19·1 %). The hydrochloride (10· 5 g) and phosphoryl chloride (50 ml) woro heated undor 
reflux for 10 hr. After distilling off tho excess of phm:;phoryl chloride, tho residue was added 
to ice and the brei adjusted to pH 9. Extraction with ether and evaporation gavo the chlor .. -
mcthylpyrimidine (60°0)' identified by mixed m.p. 
2-M ethoxy(and Elhoxy)-5-methylpyrimidine 
The above chloropyrimidine (7' 2 g) was warmed for 15 min wilh methanolic sodium 
methoxide (from 3·4 g sodium and 60 ml mothanol). The coolcd solution was added to water. 
Extraction with eLher anel distillation gavo the methoxymelhylpyrim,idine (65%), b.p. $)6 °flO mm 
(Found: C, 58·0; H,6'45; N, 22·6. C6HsN""20 requires C, 58·05; H, 6·1); N, 22.6°0), The 
picrate had m.p. 120 depressed on admixture with picric acid (Found: C,40·!),"); II, 3·2; N,19·5. 
C12HllX50S requires C, 40·8; H, 3·1; N,19·8%). 
Preparcd similarly, the ethoxymethylpyrimirline (54%) had b.p. 78 79°/2 mm (Found: 
C, 61·1; H, 7·2; X, 20·1. C7H lOX 20 requires C, 60·86; H, 7·3; N, 20'3%). Hs picmle had 
m.p. 106° (from ethanol) (Found: C, 42·95; H, 3·3; N, 18·9. CJ3H13N50S rOCJuires C, 42'5; 
H, 3·6; N,19·1%). 
5-Bromo-2-ethoxypyrimidine 
5-Bromo-2-chloropyrimidine4 (5'0 g) was warmed for 10 min with cthanolic sodium ethoxid 
(sodium, O· 6 g). The soluLion was diluted wiLh waLer (50 ml) and extractod with ether. 
Evaporation gave the ethoxypyrimidine (67°'0), m.p. 56- 57° (from lighL pctroleum) (Found: 
C, 35·8; H, 3·5; N, 14 ·05. C6H 7BrX20 requires C, 35·5; H, 3'4; N, 13 ·8%). 
4-101 ethoxy-5-methylpyrimidine 
4-Chloro-5-methylpyrimidine5 was treated with sodium meLhoxido as was its 2-chloro 
isomor above. The resulting 4-methoxy-5-methylpyrimicline (73%) had b.p. 93 94°/35 mm (Follnd. 
C,58 ' 05; H,6·9. CsH sN 20 requires C, 58·05; H, 6·5%) and the dorived picmle, m.p. 17,j 'l 
(Found: C, 41·0; H, 2·85; N, 19·65. C12H u N 50 s requires C, 40·8; H, 3·1; N,19·8°,o)' 
l-Aryl(or Alkyl)-l,2-dihydro-2-oxopyrimidinen * 
N-Phenylurea (14 ,0 g), 1,1,3,3-tetramethoxypropane (18' 0 g), eLhanol (100 ml), and 
ION hydrochloric acid (20 ml) were set aside at room temperature [or 3 days. The residuo [rom 
evaporaLion was dissolved in water and the solution adjusLed to pH c. 8. A C'hloroform oxtract 
was passed through an alumina column and then evaporaled. The residual 1,2-rlihyrlro-2-o:ro-
l-phenylpyrimidine (2'5 g) had m.p. 155- 156° (from aqueous ethanol) (Found: C, 60·8; H, 4 .!); 
~, 16·2. C1oH sN 20 requires C, 69'75; H, 4'7; N, 16.3 °0), Appropriate ur('as similnrly ga'.C' 
l,2-dihydro-2-oxo-l-p-lolylpyrimidine (45%), m.p. 142 ]43 (from ethanol) (Found: C, 71 25; 
H, 5·6; N, 14 ·9. C l1H 10N 20 requires C, 70,8.5; H, 5'4; N, 15·05%); and 1,2-,lthy,lro-l-
isobutyl-2-oxopyrimidine (42°0), m.p. 84-85° (from acetone light petroleum) (Found: C, 6:~' 0; 
H, 8·0; N, 18·3. CSH 12N 20 requires C, 63·1; H, 7·85; n,18·4%). 
* \\Tith Dr R. V. Fosler. 
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2-18obutoxypyrimidine* 
2- hloropyrimidine30 (6, 5 g) in i obutyl alcohol (60 ml) wa added to sodium i obutoxide 
(from I· 35 g . odium) in isobutanol (500 ml). After tirring and heating on the team-bath for 
1 hr, the reaction mixtur wa. cooled. 'orne olid carbon dioxide wa. added followed by ether 
(c. 300 ml) and salt w re filt r d off. Distillation gave 2-i obutoxypyrimidine, b.p. 103- 104°/ 1 mm 
(Found: ,62,5; H,7·7; r, I ·3. CSH12-'- 20 requir C, 63·1; H 7·95; N,18·4%). 
2-p-Tolyloxypyrimidine* 
2- hloropyrimiclinc30 (4·0 g), p-cresol (5·5 g), and anhydrous potas ium carbonate (5·0 g) 
w r heated together at 175° for I hr. The cooled mixture was diluted with I potassium hydroxide 
(50 mI) and shaken with other. Evaporation of the ether layer gave 2-p-tolyloxypyrimidine (6·0 g), 
m.p.7 75° (from aqueous ethanol) (Found: C, 70·6; H, 5'5; N, 15·2. C11H 10N 20 requires 
',70'95; H,5 '4; , 15·05%). 
4-t-Butylaminopyrimidine* 
ublimed 4-chloropyrimidine hydrochloride31 (3·5 g), t-butylamino (10 ml), and ethanol 
(25 ml) w re hated under reflux for 3 hr. Tho cooled mixture was added to 2N hydrochloric 
aci I (I 0 ml) and then adjusted to pH 10 with 2N sodium hydroxide. Extraction with ethor 
gave the pyrimidine (0·5 g), m.p. 143° (from cyclohexane) (Found: C, 63·4; H, 8·8; N,27·8. 
SH13N3 require C, 63 ·5; H, 8·7; N, 27· %). 
1 ,6-Dihydro-l ,4-dimethyl-6-oxopyrimidine 
4-Hydroxy-6-methylpyrimidine6 (I, 0 g) and methyl iodide (2· 0 ml) were added to a 
olution of pota ium hydroxide (0, 7 g) in methanol (100 ml). After heating under reflux for 
2 hr, the olution was concentrated to 15 ml, and placed on an alumina column. Elution with 
thyl ac tate and evaporation gave the oxopyrimidine (0·62 g), m.p. 82° (cf. G) (Found: C, 58·4; 
H 6'7; N . 22·4. alc. for CsH sN 20: C,5 ·1; H, 6'5; N,22·6%). 
1 ,2-Dihydro-l ,4(and 1,6)-dimethyl-2-oxopyrimidine 
I,2 -Dihyclro- l,6-dim thyl-4-methylthio-2-oxypyrimidine13 (1, 5 g) w e.. boiled for 2 hr, with 
an y nickel (c. g) in water (50 ml). The filtered olution wa saturated with sodium chloride 
and continuously e ' tracted with chloroform for 24 hr. Evaporation of tho extract gave an oily 
I' idue which was recrystallized from benzen cyclohexane and then ublimed (70°/ 1· 0 mm). 
The hygro copic oxopryimicline (30%) had m.p. 89- 90° (Found: C, 57'7; H, 6·5; N,22·6. 
sHs 20rquir ,5 ,05; H,6 '5 ; ,22'6%). Thepicratehadm.p. 213° (Found: C,4I·2; 
H,3'1; ,19·9. 12 11 50s requires C, 40· ; H,3·1; , 19·8 %}. This oxopyrimidine is 
made more easily by an ambiguou primary ynthe is to be described elsewhere. 14 
The i omeric I,2 -dih rdro-I,4-dimethyl-2-oxopyrimidines gave a picrate, m.p. 159° 
(Found: ,40,; H, 3·0; N,20·0. C12H11N 50 S requires C, 40· ; H, 3·1; N,I9·8 %) . 
1 ,2-Dihydro-l ,5-dintethyl-2-oxopyrirnidine 
1 -M thylur a (0· 32 g), ethanol (3, 0 ml), 10 hydrochloric acid (2, 0 ml), and 1,1,3,3-
t tra thoxy-2-methylpropaneI5 (I· 0 g) w r haken for a few minute and formed a semi- olid 
ma . Volatile wer removed under reduc d pre ure on the team-bath and the residue wa 
r cr r tallizecl from 95% ethanol to give th oxopyrimidine hydrochloride (72 %), decompo ing 
abov ~300 (Found: ,45,3; H,5·6; ,17,6. sHgCIN20require ,45,1; H,5·6; T, I7 ·5%) . 
Th alt (0, 23 g) in water (2 ml) wa made alkaline with odium carbonate. Extraction with 
chloroform afforded the ba e, m.p. 132° (from ethyl acetate) (Found: C,5 ,0; H, 6·4; N,22·5. 
* v ith Dr R. _ Fo ter. 
so How I'd, I . L., .. Pat. 2,477,409 (I949). 
31 Bo rlancl, 1\1. P. V., and l\IcOmie, J. F. W., J. chern. oc., 1951, 121 . 
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6HSN20 requires C, 58·05; H, 6·5; N, 22·6%). Its picrate (from alcohol) had m.p. 158- 159° 
(Found: C, 41·0; H, 3·25; N, 19·9. C12HuN60s requires C, 40·8; H, 3·1; N,19·8%). 
1,6-Dihydro-l,5-dimethyl-6-oxopyrilT/,idine and its 1,4-Dihydro-4-oxo Isomer 
~i) 2-Ethylthio-l,6-dihydro-l,5-dimethyl-6-oxopyrimidine1s (0·9 g), Ranoy nickel (c. 3 g), 
and 95% ethanol (30 ml) were reOuxed for 2 hr. The filtered solution was evaporated and th 
residue extracted with boiling light petroleum (b.p. 60- 80° ; 5 X 50 ml). Removal of solvent 
gavo the hygroscopic 6-oxopyrimidine (0·3 g), m.p. 59° (from ethyl acetate) (Found: C, 57· 7; 
H, 6'5; N, 22·3. C6HsN20 requires C, 58·05; fl, 6·5; N,22·6%). 
(ii) 4-Hydroxy-5-methylpyrimidine5 (2· 7 g), methyl iodide (5·0 ml), and a solution of 
potassium hydroxide (2· 8 g) in methanol (50 ml) were heated on the steam-bath for 2 hr. 
Evaporation, extraction of the residue with boiling ethyl acetate (5 X 50 ml), concentration to 
30 ml, and refrigeration gave the 4-oxo isomer, (0·1 g), m.p. 140- 141 ° (from methanol-ethyl 
acetate) (Found: C, 58·1; H, 6·3; N, 22· 5%). The filtrate was evaporated to dryness and 
the residue was recrystallized from light petroleum to give the 6-oxopyrimidine (1·5 g), identified 
by mixed m.p. with the authentic specimen above. 
(iii) 4-Methoxy-5-methylpyrimidine (1'0 g) and triethylamine (4'0 g) were heated in a 
sealed tube at 170° for 4 days. An ethanolic solution of the reaction mixture, from which th 
amine had been evaporated, was poured onto an alumina column to adsorb the solutes. Elution 
with ethyl acetate gave mainly unchanged methoxypyrimidine, the 6-oxopyrimidine (c. 0·1 g, 
m.p. 59°), and finally the 4-oxopyrimidine (c. 0·01 g), identified with authentic material (above) 
by its ultraviolet spectrum. 
l-Ethyl-I,2-dihydro-5(and 6)-methyl-2-oxopyrimidine 
N-Ethylurea (2·2 g), ethanol (10 ml), ION hydrochloric acid (5· 0 ml), and 1,1,3,3-
tetraethoxy-2-methylpropane16 (5' 85 g) were warmed at 60° for 1 hr. After sLanding overnighL, 
the mixture was evaporated to dryness under reduced pressure. The residue was dissolved in 
dilute sodium carbonate solution (c. 25 ml) and adjusted to pH 5 with dilute sulphuric acid. 
Constant extraction with chloroform for 24 hr, followed by evaporaLion of the exLract, gl1v 
the 5-methyloxopyrimidine (59%), m.p. 85° (from ethyl acetate-cyclohexane) (Found: C, 60'0; 
H, 7'5; N, 20·5. C7H lON 20 requires C, 60'85; H, 7·3; N,20·3%). 
N-Ethylurea (2·6 g), ethanol (15 ml), ION hydrochloric acid (5 ml), and 1,1 -dimeLhoxy 
butan-3-one (4'0 g) were allowed to stand for 24 hr at 25°. The resulting 6-methyloxopyrimidill 
hydrochloride (1·8 g) had m.p. 203° (Found: C, 48·1; H, 6'5; N, 15 ·9. C7fl u CIN20 require' 
C, 48·2; fl, 6·4; N, 16 · 0%). After adding this salt to aqueous sodium hydroxide, chloroform 
extraction gave the base, m.p. 98-99° (from ethyl acetate) (Found: C, 60·9; H, 7· 5. C7H 10N,O 
requires C, 60·85; fl,7 · 3%). 
I-Ethyl-I,2-dihydro-4 -methyl-2-oxopyrimidine 
2-Hydroxy-4-methylpyrimidine hydrochloride32 (3·9 g) was added to a solution of socll\l m 
hydroxide (3' 25 g) in ethanol (25 ml). Ethyl iodide (18 g) was added and the mixture was hoall'd 
under reflux for 3 hr. Volatiles were recovered and the residue dissolved in wator. ContinuouH 
chloroform extraction, evaporation, and vacuum sublimation of the residue gave the low melt mg 
and very hygroscopic oxopyrimidine (Found: N, 20·15. C7H 10N 20 requires N, 20·3%). 
5-Bromo-I-ethyl-l,2-dihydro-i-oxopyrimidine 
5-Bromo-2-hydroxypyrimidine16 (2·0 g) and ethyl iodide (2·0 ml) were added to a RolllLion 
of sodium hydroxide '0·50 g) in ethanol (130 ml). After heating under reflux for 3 hr, voluble 
were removed under vacuum. A chloroform extract of the residue was concentrated to c. 10 rnl 
and poured onto an alumina column. Elution with ethyl acetate and evaporation gave t til 
bromo-oxopyrimidine (1,3 g), m.p. 149-150° (Found: C, 35·7; H, 3'45; N, 14·0. C,H7BrN.{) 
requires C, 35· 5; fl, 3·45; N, 13 ·8%). 
32 Burness, D M., J. org. Chem., 1956, 21 , 97. 
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5_Bromo-l,6-dihydro-l-methyl-6-oxopyrimidine 
(i) N -Bromo uccinimide (1·7 g), 1,6_dihydro_l_methyl_B_oxypyrimidine17 (1·0 g), benzoyl 
peroxide (0·05 g), and chloroform (25 rnI) were heated under reflux with stirring for 4 hr. The 
next morning the olution was filtered and evaporated. The residue was recrystallized from ethanol 
to give the bromopyrimidine (0' 5 g), m.p. 15 ° undepres ed on admixture with analy ed material 
made by methylation. 8 
(ii) 5_Bromo_4_methoxypyrimidine8 (0·5 g) and triethy lamine (1·0 g) were sealed and heated 
at 100° for 1 week. The reaction mixture was recrystallized thrice from light petroleum to give 
material (c. 0·02 g) identical with the above (mixed m.p.). 
1 ,2-Dihydro-l-methyl-5-nitro- 6 -oxopyrimidine 
4_Methoxy-5-nitropyrimidine12 was heated in a sealed tube at 98° for a week. Recrystal· 
lization of the mixture six times from benzen light petroleum gave the oxopyrimidine (16%), 
m.p. 101- 102° (Found: C, 38·6; H, 3·4. C:;H:; J303 requires C, 3 ·7; H,3·25%). 
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